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The Quarterly Review 
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FOREWORD 


I T IS reported that there exist iu 
the world today approximately 
15,000 reputable scientific jour- 
nais, devoted in whole or part to 
the publication of the results of research. 
In the face of such an overwhclmingstatis- 
tic it is entirely appropriate to raise the 
question; Why start another? As The 
Quarterly Review of Biology stands, at 
the moment, in the position of the latest 
addition to the already large population 
of scientific journals, there is an obliga- 
tion to make some statement as to its 
raison d'hre. This obligation may fairly 
be judged a moral one, because, like all 
forms of population growth, that of 
scientific journalism shows definitely a 
tendency to approach a state of trouble- 
some saturation. It has already become 
a physical impossibility for any person, 
professional or^Iay, to read carefully and 
critically in its original form the whole of 
the published output of new results of 
research work in any general field of 
science, such as chemistry, physics, biol- 
ogy, etc., even if he attempted to do 
nothing else. The same thing is indeed 
true of all the special fields of science ex- 
cept the narrowest. 


At the same time it is apparent to the 
philosophically minded person that one 
of the most significant trends of science in 
the twentieth century is its integrative 
tendency. No science is any longer 
regarded, by even the narrowest specialist, 
as sufficient to itself. Biology cannot ad- 
vance completely separated from physics, 
chemistry, and mathematics. The biolo- 
gist who expects to deal with his prob- 
lems in any degree of penetration, has got 
to know a good deal of these other sub- 
jects, and this knowledge in the long run 
has got to be something more than the 
elementary text book sort. Similarly, 
how far can an astronomer expect to get 
today without being a good deal of a 
physicist, or a physicist without being a 
mathematician, or a physiologist without 
being a chemist? This tendency may be 
interpreted to make a somewhat belated 
recognition on the part of Science that 
Nature is itself a highly integratedpiece of 
business, of almost infinite complexity. 
When one starts to take it apart and put 
it together again, to the end of seeing 
how it works, he will be simply showing 
ordinary common sense if he has in his 
working tool kit as many different kinds 
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of wrenches, chisels, hammers, yard- 
sticks, etc., as possible. 

These two tendencies, the ever-in- 
creasing output of highly technical results, 
on the one hand, and the ever-increasing 
necessity for the successful researcher to 
know a good deal about other fields of 
science than his own specialty, on the other 
hand, are patently antagonistic. Some- 
thing has got to be done to bring about an 
effective working compromise between 
them. One highly important step in this 
direction is the development of abstract 
journals. This development has reached a 
high pinnacle of success in this country in 
the field of chemistry, where, in Chemical 
Abstracts^ we have a model journal of its 
type. There is every reason to hope and 
to believe that Biological Abstracts, under 
the aegis of the National Research Coun- 
cil, will be equally successful in its field. 

While abstract journals are a vital 
necessity to the progress of science, and 
are to be in every way encouraged and 
still further developed, they do not wholly 
solve the problem. There are two rea- 
sons why they do not. In the first place 
they tend themselves to become so large, 
in spite of every conceivable mechanical 
condensation in the way of abbreviation 
and the like, that no one can read them 
in toto. In the second place, in spite of 
the cleverest classification, arrangement, 
and indexing of the material, abstract 
journals necessarily lack in significant 
degree the qualities of coordination and 
integration. They present to the en- 
quiring reader a vast assemblage of trees 
but no adequate picture of the forest. 
But it is precisely picture maps of the 
various developing forests of science that 
we most need if we are not to go wholly 
mad, and see our civilization perish be- 
cause all the persons capable, by genetic 
endowment, of leading it, are confined 


in asylums as the result of a hopeless 
confusion of ideas. 

The Quarterly Review or Biology, 
with becoming modesty but nevertheless 
courageous mien, steps forward to do its 
bit towards postponing or perhaps alto- 
gether averting such a devastating catas- 
trophe. It will offer to the reader 
authoritative and comprehensive reviews 
of the present state of knowledge in the 
different fields of general biology. The 
articles will be written by special- 
ists, who alone are capable of giving 
accurate, balanced and critical summaries 
of the present position in various lines of 
inquiry. The first function of The 
Quarterly Review of Biology will be 
to help the man of science, whether 
biologist, chemist, astronomer, or devotee 
of any other Fach, to keep soundly oriented 
as to the general progress of biology. 

It is hoped that it may also serve use- 
fully another group of readers. There is 
a marked recrudescence just now of the 
age-old warfare between religion and 
science. Some of our scientific confr'eres 
appear cither to have forgotten, or never 
to have grasped, the significance of the 
length and bitterness of the struggle which 
finally freed the human mind from the 
shackles imposed and maintained through 
centuries by organized religion. They go 
about plaintively bleating that there is 
no conflict between science and religion, 
to the great joy of the shrewder Funda- 
mentalists, who pcrcciv6 at once the 
enormous aid which suchwiews will be to 
them in their work of forging again the 
fetters from which Huxley finally freed 
human-kind. The plain fact, of course, 
is that there can never be any real com- 
promise between science and mysticism, 
between the real and the supernatural, 
between light and darkness, between the 
demonstrable, verifiable truth w'hich 
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makes us free and ancient superstitions 
grounded in phallic folk-lore. 

The experience of centuries indicates 
that there is only one way effectively to 
meet the menace of Fundamentalism, 
which in a real sense threatens the con- 
tinuance of those elements in our civiliza- 
tion which every intelligent man holds 
dear. It is by the diffusion of scientific 
knowledge. Man’s emancipation from 
the domination of priesthoods of one 
brand or another has been in precise pro- 
portion to the depth and breadth of the 
understanding of nature which science 
has given him. We hope that The 
Quarterly Review of Biology may 
help in the diffusion of a sound knowl- 
edge about biological matters among in- 
telligent men and women who are not 
professionally scientific workers. No at- 


tempt will be made to attain this end by 
the method of writing down to the sup- 
posed intellectual level of a lay audience. 
Popular scientific writing which takes as 
its target a mental age of about ten, is, we 
believe, quite as nauseating to intelligent 
lay readers as it is to men of science. 
But we think that there exists in this 
country a fairly nutherous body of culti- 
vated men and women who are genuinely 
interested in knowing about the progress 
which biology is making, and quite as 
capable of understanding a clearly written 
and logically ordered presentation of it, 
as is the average physicist or chemist, or 
indeed the specialist in biology itself 
who cultivates a field remote from the 
particular one under discussion. To this 
group also we offer The Quarterly Re- 
view OF Biology. 


Raymond Pearl. 



THE BIOLOGY OF THE MAMMALIAN TESTIS AND 

SCROTUM 

By carl R. MOORE 

Hull Zoological Laboratory, University of Chicago 


I N DEALING with some phases of 
the biology of the mammalian 
testis a limited discussion may 
follow two major lines of inter- 
est: (i) a consideration of certain in- 
fluences on the germinal portion of the 
organ— spermatogenesis—and (i) a brief 
discussion of the testis as an organ of in- 
ternal secretion. The products of these 
two testicular functions have at times 
been referred to respectively as the exter- 
nal and internal secretions; the study of 
spermatogenesis is the older and perhaps 
better understood of the two, but recent 
study has largely concerned itself with 
internal secretions, almost to the exclusion 
of the primary function of germ cell 
production. We shall consider first some 
of the general conditions that influence the 
production of germ cells, particularly the 
functional significance of the scrotum; 
secondly, the internal secretory function 
will receive our attention. 

I. GENERAL CONSIDERATIONS 

The testes of most mammals are located 
outside the body cavity in a pouch, or 
scrotum, embryologically a derivative of 
the peritoneal cavity. A duct, the ductus 
(vas) deferens leads away from the 
epididymis to convey spermatozoa to the 
exterior. Embryologically, the testes a- 
rise from the genital ridge of the urino- 
genital fold high up in the body cavity 
(i) (6), and are fundamentally, therefore, 
organs of the abdomen; they remain so in 


all vertebrate classes except mammalia . 
In this group a new condition has made 
its appearance in that the testes, though 
arising near the kidneys, become pro- 
gressively displaced posteriorly and in the 
majority come finally to be located in the 
scrotum (before birth in man). In some 
mammals (rodents, etc.) the path'way of 
descent remains open throughout life, 
but in man and most mammals the 
inguinal canals become closed. 

The factors involved in the backward 
regression of the testis, both phylogcneti- 
cally and ontogenetically, are not entirely 
clear. Embryologically a cordlike liga- 
ment, the gubemaculum (Hunter), exists 
between the developing testis and the 
anterior abdominal wall, and it is sup- 
posed by some anatomists (41) that 
muscular fibers of the gubemaculum exert 
a continuous pull on the testes toward the 
anterior abdominal wall while others (6) 
believe that the principle of unequal 
growth of the body in comparison with 
the fibrous cord will explain the back- 
ward regression of the testis in ontogenetic 
development. 

Too little attention, perhaps, has been 
given to the exceptional formation of the 
scrotum in manomals. Its significance or 
function has been lightly touched until 
recently and a few enlightening facts 
may give us a new conception of this 
relatively recently acquired structure. 
Herbert Spencer (173) in discussing the 
general principles of biology speaks of the 
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peculiar condition found in mammals in 
the following terms: 

But now let it be confessed that all phenomena of 
organic evolution must fall within the lines above 
indicated, there remain man7 unsolved problems. 
Take as an instance the descent of the testes in mam- 
malia, Neither direct or indirect equilibration ac- 
counts for this. We cannot consider it an adaptive 
change, since there seems no way in which the pro- 
duction of sperm cells, internally carried on in the 
bird, is made external by adjustment to the changed 
requirements of mammalian life. Nor can we 
ascribe it to survival of the fittestj for it is incredible 
that any mammal was ever advantaged in the struggle 
for life by this changed position of these organs. 
Contrariwise the removal of them from a place of 
safety to a place of danger would seem to be negatived 
by natural selection. Nor can we regard the trans- 
position as a concomitant of re-equilibration since 
it can hardly be due to some change in the general 
physiological balance (page 575). 

The monotremes, most edentates, sire- 
nians, cetaceans, some proboscidians, and 
seals among carnivores possess complete or 
nearly complete abdominal testes (2.09). 
In many edentates and rodents the testes 
may be abdominal for the majority of the 
year but temporarily descend during the 
breeding period; this is essentially true in 
the Chiroptera. The majority of ungu- 
lates, carnivores, and all primates have a 
scrotum, and closure of the inguinal 
canals separates the testes from the 
abdomen. In seasonal breeding animals 
the testes are usually abdominal until 
the approach of rut when the testes be- 
come enlarged and reside in the scrotum. 

In general it appears that an evolution 
of the scrotaf conditon has occurred and 
Wiederscheim (2.09) states “originally, 
the descent of the testes did not occur until 
sexual maturity in all cases, but in many 
mammals (e.g., marsupials, ungulates, 
carnivores, primates) the process has grad- 
ually become shifted backward onto- 
genetically to earlier periods, so that the 
formation of the scrotum takes place 
independently in the embryo in the form 


of the external genital folds “ 

Cunningham (43) discussing its occur- 
rence, evolution and significance remarks 
“Various causes have been suggested for 
the formation of the scrotum, but no one 
has even been able to suggest a use for it. 
It has always been quite impossible to 
bring it within the scope of the theory of 
natural selection. The evolution of it 
can only be explained either on the theory 
of mutation or some Lamarckian hypothe- 
sis” (page 147). In his further re- 
marks Cunningham removes it from the 
possibility of having arisen through muta- 
tion and supports the Lamarckian hypoth- 
esis put forward by Woodland (2.1 x) in 
1903. Woodland states 

I hold that, in the majority of the mammalia, the 
testis attachment has throughout the history of the 
race been constantly subjected to severe strains con- 
sequent on the character and conditions of mammalian 
locomotion, and that on account of the resulting 
disruption or distention of the mesorchium, the testis 
has migrated in a posterio-ventral line (i.e., in an 
opposite direction to the forward and upward ac- 
celerations imparted) coming to lie at the terminal 
periphery of the body wall and forming the scrotal 
protrusion. Just as when a man runs, a weight in his 
coat-pocket will periodically drag and ultimately 
wear a hole in the lining by constant distention, so 
the testis of mammals has responded to like forces 
resulting in descent (page 315). 

Speculations on the mechanistic proced- 
ures and forces employed, are perhaps less 
fruitful than have been some of the more 
recent enquiries into its possible function, 
since the former conception is excluded 
from, but the latter aspect subjea to, 
experimental analyses. Can we therefore 
offer any approach to a functional analysis 
of this structure which Cunningham 
stated a few years ago had never been 
attempted? 

Recent work in this laboratory (12.1, 
izx, 12.3, 1x5, 118, 13 1) we believe has 
proved that in the higher mammals the 
scrotum is a structure whose function is the 
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maintenance of p’opr temperatures for the 
testes to carry on the differentiation of germ 
cells; it is an essential thermoregulator 
for the testes and higher mammals are 
incapable of producing spermato2:oa with- 
out such a regulatory control provided by 
the scrotum. For descriptive purposes a 
bit of general histology is necessary. 

Figure i is a portion of a cross section 
through a rabbit test is; though used for 
an experiment it shows normal semi- 
niferous tubules in cross section. The 
germinal epithelium composed of spermato- 



Fig. 1. Section Through Center oe Rabbit Testis 
Six Months Aitter Vasoligation (Left 
Testis of Figure 6, B) 

j/, normal seminiferous tubules; interstitial 
tissue 

gonia, spermatocytes, spermatids and sper- 
matozoa represents a typical condition 
for all mammals; spermatozoa may be 
seen projecting into the lumen of the 
tubules. Between the seminiferous tu- 
bules can be seen a small amount of con- 
nective tissue among which are a few 
larger cells; these are the interstitial cells 
or cells of Ley dig (86) considered by 
many workers as the source of the internal 
secretion of the testis. These will be 
considered more in detail in section IX. 


II. CRYPTORCHIDISM 

Sometimes the testes of man and higher 
mammals are not to be found in their nor- 
mal scrotal position; having failed to 
descend they may be located in the 
abdomen or in the inguinal canal and are 
hidden or cryptorchid (for structural 
condition see figs . 4 and 5). The condition 
has long been known but the oldest ac- 
count to which I have made reference Is 
that of John Hunter, that very keen 
anatomist of the i8th century. Hunter 
(75) in a lecture given in 1756 discussed 
the site of origin of the testis of mammals 
in the abdomen, and the gradual descent 
of these into the scrotum in the human 
foetus at about the eighth month of foetal 
life. He realized the occasional imper- 
fection due to failure of descent. “Some- 
times in the human body, and in many 
other animals, and veiy often in sheep, the 
testes do not descend from the cavity of 
the abdomen till late in life, or never at 
all.’’ He suspected that the cause for this 
failure to descend “Originates in the 
testicles themselves.” Their condition 
was also partly appreciated for “When 
one or both testicles remain through life 
in the belly, I believe that they arc ex- 
ceedingly impeifect, and probably in- 
capable of performing their natural func- 
tions, and that this imperfection prevents 
the disposition for descent from taking 
place” (page 56). 

Goubaux and Follin (57) studying 
testes retained in the abdhmen in man, 
sheep, horse, pig and dog stated that 
usually the abdominal testis was both less 
voluminous and lighter in weight than 
the scrotal testis on the opposite side. 
These writers stated that abdominal 
testes did not produce spermatozoa and 
that retention of both testes rendered an 
animal sterile. Godard (54) determined 
that seminal fluids from men with both 
testes retained in the abdomen did not 
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contain spermatozoa, nor did cadaver 
cryptorchid testes show spermatozoa. 
Monod and Arthand (in) studying the 
abdominal testes removed from man were 
of the opinion that younger individuals 
retained a diminished capacity of produc- 
ing spermatozoa. Individuals of later 
life however were rendered sterile from 
traumatic influences and resulting sclero- 
sis of the organs. In the end all ectopic 
testes were, according to them, deprived 
of their spermatozoon producing capaci- 
ties. Griffiths (59) pointed out that 
testes of the dog and man retained in the 
abdomen or in the inguinal canal were 
degenerate so far as sperm production is 
concerned. In those testes located inter- 
mediate between the abdomen and scrotum 
the seminiferous tubules were devoid of 
germinal epithelium. He emphasized the 
necessity for the testis to completely 
descend into the bottom of the scrotum 
before they can carry on their gameto- 
genetic function. Regaud and Policard 
(149) called attention to the lack of 
germinal tissue in the undescended testis 
of the pig and mention particularly the 
considerable apparent increase in intersti- 
tial tissue. 

Some of the most exhaustive work on 
undescended testes in the human is that of 
Felizet and Branca (45, 46). These in- 
vestigators studied a series of abdominal 
testes from six year old boys to adults 
and point out that seminiferous tubules 
are the characteristically affected portions 
of the gland, 'the epididymis remaining 
normal in structure. In ectopic testes 
removed from a preadolescent individual 
the single layered undifferentiated germi- 
nal epithelium differed but little from that 
of similar aged normal testes. As the 
period for the differentiation of spermato- 
gonia, spermatocytes and spermatids ap- 
proaches, degeneration follows and the 
epithelium never reaches the completely 


differentiated stage. Whereas later writ- 
ers, and some earlier ones, believed 
cryptorchid tests at puberty did reach and 
maintain spermatozoon differentiation for 
a short time, Felizet and Branca were 
unable to find a single case among the 
fifty-one studied where this appeared 
true. Of this number they report sixteen 
cases with spermatogonia present; twelve 
cases with differentiation to the spermato- 
cyte stage, and only two cases, of the 
fifty-one, showing spermatids: no cases 
with spermatozoa present were found. 
The interstitial tissue was usually more 
abundant in normal testes but the num- 
ber of Ley dig cells varied considerably. 

Bouin and Ancel (ix) studied ectopic 
testes of the boar and dog and noted in all 
cases that the seminiferous tubules were 
smaller in caliber, and contained only the 
cells of Sertoli; the interstitial cells were 
usually abundant. Corner (40) studied 
histologically sixteen cases of ectopic 
testes removed from man but did noc find 
evidences of spermatogenesis in any case. 
Whitehead (105) similarly found that 
an undescended testis of the horse was 
degenerate so far as the germinal tissue is 
concerned. Hanes (65) studied fifty-six 
undescended testes from the pig, seven 
from the sheep, and six from man. He 
states that in no case was spermatogenesis 
in progress and the tubules contained only 
Sertoli cells; the intertubular spaces were 
well filled with masses of Leydig ceils. 
Bland-Sutton (10) studied histologically 
the ectopic testes removed in the course of 
twenty-five years surgical work (number 
not given) and mentioned that only one 
contained spermatozoa. He believes that 
ectopic testes develop to their normal 
differentiated condition at puberty and 
retain the capacity to produce germ cells 
for a year or two. His opinion however, 
receives but little support from the studies 
of most investigators but it may be men- 
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tioned here that Moore (iii) studying 
experimental displacement of the guinea 
pig testis found that such an organ re- 
tained in the inguinal canal with one 
pole projecting into the upper portion of 
the scrotum might produce normal germ 
cells in one part and not in another. It is 
possible that the single case bearing 
spermatozoa reported by Bland-Sutton 
was a low inguinal canal retention instead 
of an abdominal one. Goddard (55) 
studied five cases of the retained testis 
removed from men 19 to years and in no 
case was there any indication of spermato- 
genesis, though the interstitial cells were 
well preserved and apparently present in 
an overabundance. 

What to do with an undescended testis 
is a problem that ever confronts the sur- 
geon, and because the fundamental condi- 
tions of the gland and its potentialities 
have not been understood there have been 
many opinions voiced and different pro- 
cedures employed. Even in Hunter’s 
period (1756), and purely on philosophical 
grounds, he argued that nature should be 
assisted in all ways possible to bring the 
testis into its normal locality in the scro- 
tum. Later the idea that an ectopic 
testis is decidedly prone to develop 
neoplasms and metastasize became more 
or less prevalent and tended to encourage 
removal of such organs. The knowledge 
that an ectopic testis can still exert its 
internal secretory function, however, has 
led many to remove the organ from the 
inguinal canal, in order to cure or lessen 
the tendency to hernial formation, and 
allow it to remain in the abdomen. Thus 
Comer in 1904 reviews the general ques- 
tion of the value of an incompletely 
descended organ and recommends replac- 
ing it in the abdomen. He believes it 
useless to attempt a scrotal return and 
considers the testis of no use except as an 
organ to produce sex hormones. Bland- 


Sutton likewise, believing the ectopic 
organ useless, exercises but little care in its 
preservation. He and others, believe the 
organ was retained in the abdomen because 
it was intrinsically defective. Keyes and 
MacKenzie (78) on the other hand advise 
an operation to place the undesceiided 
testis in its normal scrotal position before 
the stage of puberty, thinking, evidently, 
that a mere possibility remained for it 
to develop into a functional condition. 
Bevan (18) describes a technic for restoring 
the ectopic testis to its position in the 
scrotum and advises this operation. 

The advocacy of the operation on the 
human individual, however, is from the 
very nature of the case difficult to deter- 
mine. Furthermore since the real fun- 
damental condition of, or the potentiali- 
ties of, an abdominal testis have not been 
understood a rational basis for procedures 
has not been clearly indicated. The 
question of why a testis is found in the 
condition of degeneration in over ninety- 
nine per cent of all reported cases should 
be settled. Of necessity this involves 
animal experimentation and it is from this 
field that many new facts have been de- 
rived. 

Up to about the year 1890 three different 
conceptions had been advanced to explain 
the condition of naturally occurring crypt- 
orchid testes : (a) It was believed by some 
that the abnormal condition was due to an 
imperfect embryological development and 
that its structure rested primarily upon 
the faulty formation of the organ, (b) 
Some authors held that early development 
was normal, but differentiation of the 
germinal products failed to pass beyond an 
embryonic stage of the germinal epithe- 
lium. (c) Others believed that the testes 
acquired the capacity to produce sperma- 
tozoa, retaining same for a year or so, but 
on account of the abnormal position oc- 
cupied regression takes place and leaves 
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the organ deprived of its germinal 
tissue. 

The English anatomist Joseph Griffiths 
(58) is to my knowledge the first individ- 
ual to attempt a solution of the problem 
by experiment. In 1893, working with 
the dog, he demonstrated that a testicle 
of a puppy that had descended normally 
into the scrotum would never produce 
spermatozoa if it was returned to the 
abdomen by an operation, despite the 
fact that its vas deferens, blood supply and 
nerve connections were entirely normal. 
Such a testis developed but little farther 
than the embryonic stage of differentiation; 
the opposite scrotal testis differentiated 
normally. The testis of an adult dog, 
actively producing spermatozoa, would 
within a few months after having been 
replaced within the abdomen, show a con- 
dition similar in all respects to abdominal 
testes; all the germinal tissue vanished and 
only the single layer of Sertoli cells re- 
mained . He proved therefore that the struc- 
tural condition of an ectopic testis was not 
due to any inherent defect within the organ 
but was a function of its abnormal environ- 
ment. Some influence from its location 
was responsible for its condition and he 
speculates at some length on the situation. 
“What, then, can be the reason that in 
some, a limited number of animals, the 
scrotal position is essential to structure 
and function? .... can it be that the 
very turbulence of this region is requisite 
for its perfect development and the 
maintenance cSf its functions in certain 
animals? . . . . So far as I am aware, 
no satisfactory answer has ever been 
offered to this most interesting question” 
(pp. 496-497). Though not able to 
determine the active influences brought to 
bear upon the testis in its abnormal loca- 
tion Griffiths’ tendency was distinctly 
directed to the scrotal relationships as a 
solution. He emphasized the necessity of 


the testis descending completely to the 
bottom of the scrotum before it could exer- 
cise its normal functions, and furthermore 
compared the condition of the testis of 
seasonal hibernating mammals with the 
abdominally retained testis of scrotal 
animals. 

The Danish investigator Knud Sand 
(160) utilized the method of Griffiths in 
replacing the normally descended and 
actively functioning adult testes of rats 
and guinea pigs into the abdomen. 
His study, however, did not advance our 
knowledge of the problem of the degener- 
ate testis when it is located in a strange 
environment, for his chief interest lay in 
the behavior of the interstitial tissue 
which he believes becomes greatly in- 
creased. He confirmed Griffiths’ state- 
ments that normally functioning adult 
testes when replaced in the abdomen are 
converted into typical ectopic testes with- 
in a few months; the germinal epithelium 
that was actively producing germ cells 
at the time of elevation had all disap- 
peared within the course of three months 
wdth only the single layer of Sertoli cells 
remaining. 

This problem along with many others 
was being studied in this laboratory in 
192.1 (Moore 118). An attempt was being 
made to determine the real causes of the 
degeneration of the testis when placed in 
the abdomen. By experiment such possi- 
bilities had been eliminated as infection, 
physical connections with some part of the 
scrotum, abnormal pressures, and disturb- 
ance of blood or nerve supply and it 
was stated that a differential body tem- 
perature was probably the causal factor 
in degeneration; experiments testing this 
hypothesis, though under way, were 
incomplete. 

Crew (41) purely on hypothetical 
grounds suggested that the cause of the 
lack of spermatozoa in the imperfectly 
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descended testis might be due to a higher 
temperature in the abdomen than in the 
scrotum, considering that it was this 
higher temperature that might be respon- 
sible for the non-appearance of an active 
epithelium. He thus was the first with a 
suggestion that has proven in our labora- 
tory to be the causal factor in the struc- 
tural condition of a testis either never 
having descended from the abdomen, or 
having descended and accomplished its 
complete differentiation reverts to the 
typical ectopic type when by experiment 
it is returned to the abdomen. 

Moore (ixi) reporting more in detail 


number of tubules contain only degenerate 
cells and a mass of debris. Somewhat 
later than the sixth day after elevation 
the tubules may have sloughed the major 
portion of the germinal epithelium and the 
remaining cells may have coalesced into 
multinucleate protoplasmic masses or 
“Giant Cells” (see fig. 3). By twenty 
days practically ail the former active 
germinal epithelium wzs absent; Sertoli 
cells and a few spermatogonia remained. 
The interstitial cell mass appeared pro- 
gressively more conspicuous, but the 
significance of these will be dealt with 
more in detail in section IX. 



Fig. 1. Seminiferous Tubules of Adult Guinea-pig Testis Showing Degeneration Seven Days After 

Elevation to Abdomen 

p, degenerate epithelial wall; it, interstitial tissue; st, seminiferous tubules with degenerating cells in lumen 


on the observations made with experi- 
mentally produced cryptorchid testes 
found that a normal adult functioning 
testis of the guinea pig shows decided 
degeneration of the germinal epithelium 
within six days after being elevated from 
the scrotum to the abdomen (see fig. z). 
This degeneration is noticeable from the 
fact that the seminiferous tubules are 
disorganized, and many loosened cells 
occupy the lumen filling the latter with 
discrete cells some of which are normal 
and others fragmented; a considerable 


So long as the testis remained in the 
abdomen it continued degenerate; fol- 
lowed for longer than a y^ar the organ as 
a whole progressively diminishes in size 
and the seminiferous tubules shrink to 
one-fourth or one-fifth their normal diam- 
eter. If, however, the testis in a partial 
descent into the scrotum was held within 
the inguinal canal with its lowermost end 
projecting into the upper portion of the 
scrotum there might be found one portion 
in which the tubules could still carry on 
their gametogenetic function, though ap- 
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parently in a diminished capacity, while 
another portion located more closely to 
the interior of the abdomen was entirely 
degenerate. 

It was desirable to learn more of the 
potentialities, of such a degenerate testis, 
and to determine if it retained the capa- 
bility of regenerating into a normal func- 
tioning gland. Moore determined that 
recovery did occur if the testis was re- 
placed in the scrotum. Twenty-four days 



Fig. 3, Tubules of Adult Guinea-pig Testis Con- 
fined TO Abdomen Thirteen Days 
gc, miiltinucleate giant cells formed from coalescing 
germinal cells 

abdominal intention reduced seminiferous 
tubules to a. single layer of cells among 
which were a few spermatogonia; return 
of such testes to the scrotum led, within 
three months, to testes with normal 
tubules and quantities of spermatozoa. 
Thus it is seen that the testis must reside 
in the scrotum to be able to carry on its 
function of gametogenesis but the limits 
of degeneration with recovery still possi- 
ble have not yet been determined. 


It would appear therefore that the sur- 
geon should take especial care to see that 
ectopic testes are restored to their normal 
environment. Their degenerate condi- 
tion, while it may be so, is not necessarily 
due to faulty embryological formation. 
Davis (44) has recently enumerated as 
causes for lack of scrotal descent (i) de- 
fects in the mesorchium, (1) paralysis, ab- 
sence, or faulty insertion of the guber- 
naculum, (3) narrowness of the vaginal 



Fig. 4. Seminiferous Tubules from Undescended 
Testis of an Adult Dog 

process, or large size of the testicle, (4) 
shortness of the spermatic cord, (5) rudi- 
mentary or obliterated scrotum, and (6) 
premature obliteration of the inguinal 
canal. It seems probable that placing the 
testis in the scrotum by operation would 
lead to its normal development in such 
cases. Operation before puberty certainly 
carries many strong chances that a child 
with doubly undescended testes may be 
given the chance of acquiring his normal 
germ cell production capacity by a small 
operation, whereas without it there is no 
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chance of his acquiring this function. 
How long after puberty a testis returned 
by operation to the scrotum can regenerate 
into a normal organ has not yet been 
determined. 

In addition to studying experimental 
cryptorchidism in the guinea pig we have 
performed similar experiments on rats, 
rabbits and sheep. Thus Moore and 
Oslund (13 1) determined that a normal 
breeding ram testis removed from the 
scrotum and replaced in the abdomen sur- 
rounded by all its natural coverings, with 
blood supply, nerve connections and vas 
deferens in a normal condition, would be 



Fig. 5. Semiotperous Tubules prom Testis op Adult 
Ram Removed prom Scrotum to Abdomen por 
Three Months 

rapidly converted into a degenerate testis 
with a single layer of Sertoli cells in the 
seminiferous tubules (see figs. 4 and 5) 
Moore and Quick (119) obtained similar 
results in the rabbit. In the rat (Moore, 
details unpublished) degeneration follows 
in the testis, elevated and confined in the 
abdomen, but the degree of degeneration 
is by no means so pronounced as that in 
the guinea pig, sheep and rabbit. A rat 
testis confined to the abdomen for a period 
of six months is considerably degenerate 
and no tubules of a normal character can 
be found, but they are more nearly normal 
than a guinea pig testis similarly retained 


for fifteen days. It appears that the rat 
testis can tolerate greater ranges of tem- 
perature than can the guinea pig testis. 
This may be accounted for by supposing 
that the rat testis is not so dependent 
upon a finely graded regulation of its 
environment as is the testis of the guinea 
pig and consequently represents a lower 
grade of differentiation as regards the 
scrotum (see section V). 

III. VASECTOMY 

The problem of vasectomy, or vasot- 
omy, by which is meant the production 
of an interruption in the course of the 
ductus or vas deferens, has been one of the 
most confused problems relating to the 
testis. Popularized it is known as the 
Steinach operation for rejuvenation; it 
has served at the same time as a theme for 
popular fiction and in the hands of the 
surgeon as a supposed efficacious method of 
treatment for many ills of human individ- 
uals. 

One of the earlier observations on the 
effects of occluding the vas deferens is 
that of Sir Astley Cooper (39). He 
ligated one vas deferens in a dog, and on 
the opposite side ligated the artery and 
vein without interfering with the vas def- 
erens. The testis whose artery and vein 
were ligated “gangrened and sloughed.” 
Operated in 1813 the dog was kept 
until killed in 1819, During six years it 
was noted in coitus two separate times 
but no issue followed. Observed after 
killing, the testis with its epididymis was 
notably increased in size and tlie latter, 
with the short stub of appended vas 
deferens, was gorged with spermatozoa. 
Occlusion of the duct had been complete 
and the two ends of the severed duct were 
separate. This conclusive experiment 
showed without doubt that merely closing 
the outlet duct of the testis had no effect 
upon the germinal portion of the organ; 



BIOLOGY OF MAMMALIAN TESTIS AND SCROTUM 


spermatogenesis continued for six years 
after operation and the epididymis became 
much enlarged to accommodate the prod- 
ucts of germinal cell activity. 

Gosselin (56) some years later dissected 
human cadavers and noted cases in which 
the vas deferens was entirely occluded, and 
had been undoubtedly for years, but the 
enlarged epididymis contained quantities 
of spermatozoa. Brissaud (2.9) and Grif- 
fiths (61) with rabbits and dogs respec- 
tively found that occlusion of the outlet 
duct had no influence on spermatogenesis. 
Griffiths (62.) a year later, however, de- 
termined that testes of the dog rapidly 
lost the germinal portion if blood vessels 
passing to the testis were injured. Sim- 
monds (170) in human autopsies found 
occlusion of the vas deferens of years 
standing without any injury to the 
generative portion. Neither testicular 
degeneration nor loss of the germinal 
epithelium had occurred and the epididy- 
mis was enlarged from the immense 
amount of spermatozoa carried to it. 

Thus in man, dogs and rabbits it was 
well established by incontrovertible data 
before 1900 that blocking the outlet duct 
from the testis had no effect in causing the 
testis to become aspermatic. Gameto- 
genesis continued for years and quantities 
of spermatozoa were to be found in the 
epididymis and the proximal portion of 
the vas deferens. 

About 1903 when results on experimental 
studies of the testis became more numerous 
contrary results began to appear. Richon 
and Jeandeli*ze (156) stated that rabbit 
testes, whose vas deferens had been experi- 
mentally occluded contained no sperma- 
tozoa, and that the seminiferous tubules 
were degenerate. The extensive study of 
sex glands conducted by Bouin and Ancel, 
however, was the chief factor in changing 
the tide of opinion relating to the effect 
of vas deferens occlusion. Summarizing 


many of their different studies Bouin and 
Ancel declare that closing the outlet from 
the testis, by ligation and resection of a 
portion of the ductus deferens, invariably 
leads to degeneration of the germinal 
tissues of the testis. They worked with 
.guinea pigs, dogs and rabbits, young and 
adult. According to their account liga- 
tion of the outlet duct before the stage of 
puberty does not interfere with the attain- 
ment of complete germ cell differentiation, 
but after this attainment the seminiferous 
tubules rapidly loose their lining epithe- 
lium and become converted into a testis 
entirely similar to the cryptorchid testes 
found in nature. They dismiss the con- 
trary findings of the earlier writers by as- 
suming an insufficient length of time after 
operation before the animals were killed. 
It should be remembered that Cooper’s 
dog was not killed until six years after 
the operation for closure of the tube, and 
pathological occlusion in man had been 
present for years without testis degenera- 
tion. The question at issue is not whether 
Bouin and Ancel obtained degeneration of 
the germinal epithelium after vas deferens 
ligation, for undoubtedly they did; the 
real question is whether the degeneration 
they saw was due to the occlusion of the 
duct or whether factors not necessarily 
related to this operation are the real 
causes. 

Shattock and Seligman (169) performed 
double vasotomy on Herdwick rams, but 
despite the fact of double, complete vas 
deferens occlusion for eighteen months the 
testes were normal in size and spermato- 
genesis continued; the epididymis was 
much larger than normal due to the reten- 
tion of the products of spermatogenesis 
and consequent distension of the epididy- 
mis. They note that testes may be 
abnormal if the blood vessels had been 
included in the ligature of the vas 
deferens. 
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Wallace (198) reviews the results of vas 
deferens ligation in man. Sometime be- 
fore this period it was an accepted surgical 
practice, due to the suggestion of earlier 
workers, to ligate the sperm duct as a 
method of alleviating prostatic hyper- 
trophy. Favorable results had been re- 
ported in a great number of cases but Wal- 
lace remarks of these “When it is remem- 
bered how often cases of prostatic enlarge- 
ment are greatly improved by rest and 
treatment of the accompanying cystitis, it 
is an open question whether the results 
above set forth were not to a considerable 
measure due to such treatment.” From 
the literature on sex it would appear that 
the implications of such a statement are 
too infrequently considered in clinical 
work. Wallace performed vasectomy on 
the cat and dog and found that the testes 
in such cases were perfectly normal 
many months later than Bouin and Ancel 
would imply was a sufficient time to 
expect degeneration. Wallace concludes 
that single or double vasectomy has no 
effect upon the gametogenetic function of 
the testis; it continued to produce sperma- 
tozoa months and years after total occlu- 
sion of both vas deferentia. 

Kuntz (80), on the dog, stated that 
thirty days after unilateral vasectomy the 
testis of the same side showed degenera- 
tion but also on the unoperated side as 
well. He conceived some influence oper- 
ating through the nervous system that 
caused degeneration on the opposite side. 
Later experiments (81) on both the dog 
and rabbit were reported in which practi- 
cally all animals showed testis degenera- 
tion as the result of vas ligation and resec- 
tion. In control animals, however, Kuntz 
noted that the testes were likewise asper- 
matic and recognized that confinement 
and care of the animals was such that the 
unoperated tests were degenerate to about 
the same extent as those of experimental 


animals. He then withdrew his former 
suggestion that sympathetic nervous in- 
fluences set up by one degenerating testis 
caused the degeneration of the opposite 
one, but he allowed the idea to stand that 
within a month after operation the 
degenerate testis shows the influence from 
ligation of the vas deferens. Certainly no 
great weight can be attached to such 
conclusions when admittedly control ani- 
mals do not show normal testes. 

The greatest impetus to the conception 
of testis degeneration following vas de- 
ferens occlusion since Bouin and Ancel is 
the striking and apparently conclusive 
work of Steinach culminating 

in his suggestive work on rejuvenation 
(183). Reviewed more in detail in a later 
section it may be mentioned here that the 
conception of the origin of sex hormones, 
from interstitial cells, and the properties of 
these hormones in producing youthful 
qualities in animals are the basis for his 
now celebrated rejuvenation hypothesis. 
By ligation of the vas deferens in rats 
Steinach reported degeneration of the 
germinal epithelium accompanied by an 
h)^ertrophy of the interstitial cells*— the 
hormone producing tissue; secondarily this 
stimulating hormone causes renewed germ 
cell production. Thus he believes that an 
animal so old as to have lost its germ cell 
production capacity is reinvigorated by a 
unilateral vas deferens ligation, and that 
the opposite testis following the stimula- 
tion begins to produce germ cells again and 
the animal returns to a functional condi- 
tion. Steinach believes that ligation be- 
tween the epididymis and the testis proper 
hastens the degeneration, and hyper- 
trophy of the interstitial tissue. The 
fallacy here again depends upon operative 
manipulation of the organs in question, 
and an absolute disregard of the very 
many perfectly conclusive experiments 
showing the testis to be iinafFccted by 
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merely binding or severing the vas 
deferens. This will be further emphasized 
below. 

Tiedje (190) follows Steinach in the 
belief of first a degeneration of the ger- 
minal epithelium then a regeneration after 
vasectomy. It should be pointed out, 
however, that neither Steinach nor Tiedje 
give substantial evidence to support their 
contentions. Wheel on (101), on dogs 
nine months after vas deferens occlusion, 
found that the testis contained all ele- 
ments of the germinal epithelium. He 
believes either that all the tissue did not 
degenerate or that there might possibly 
have been a regeneration. 

Sand (159) (161) (163) has studied the 
ed'ects of vasectomy on the rat, guinea pig 
and dog, and has performed the opera- 
tion in clinical practice, reporting eighteen 
cases of such operations on the human 
individual. In the latter, however, Sand 
follows Steinach ’s procedure and ligates 
between the epididymis and testis instead 
of merely occluding the duct. By this 
method he believes that the process of 
destruction of the germinal tissues is 
hastened. Sand (159) reported observa- 
tions on vasectomy in rabbits, guinea pigs, 
and rats, summarized in tables in his paper; 
out of fifteen operated cases, some of which 
were observed for longer than a year, two 
cases only showed degeneration. Despite 
the fact that thirteen of his own operated 
cases failed to show degeneration, as 
against two That did give such evidence, 
he yet states a confirmation of the work of 
Bouin and Ancel that vas deferens ligation 
causes degeneration of the germinal epithe- 
lium and proceeds to employ the operation 
on man. Brack (17) however has shown 
that congenital absence of the vas deferens 
in man is without effect on spermato- 
genesis. 

In this country Benjamin (12.) has been 
perhaps the chief advocate of the Steinach 


operation as applied to the human individ- 
ual. In such cases histological studies are 
lacking but accepting the Steinach idea as 
proper and due to follow, Benjamin 
restricts himself to the clinical effects 
manifest in the patient. Clinical results 
will be granted by most individuals as be- 
ing considerably conditioned by forced 
rest, good care, mental attitude, sugges- 
tion, and many other factors. And in 
view of the lack of proof of organic 
changes following this operation cer- 
tainly one’s credulity is stressed to the 
uttermost when it is maintained that the 
clinical results of this operation are 
alleviation of arthritis; lowering of blood 
pressure; reduction of prostrate (long ago 
definitely proven to be inef&cacious); 
improvement of eyesight, and sclerosis of 
the inner ear; elimination of mental 
depression; improvement of sex impulse; 
and general restoration of spirits. We are 
led to believe that vasoligation first 
improves thyroid activity, and outside of 
this it influences “those glands that are 
most prominent or delinquent in the pa~ 
tients constitution . ’ ’ 

The enormous literature on this subject 
(some only, being here given) is seen to 
abound in positive and negative assertions 
without any attempt to find the funda- 
mental differences in technic or conditions 
that would iq any way make the situation 
clear. Could we find an acceptable ex- 
planation to account for the cases of de- 
generation perhaps the entire findings 
would take on a different aspect and order 
be reestablished out of chaos. When, as 
did Cooper almost one hundred years ago, 
we find that a testis whose vas deferens was 
completely severed and occluded so that 
all materials produced by it are confined tO’ 
the testis, epididymis, and the attached 
portion of the vas deferens and that the 
testis, is entirely normal except for disten- 
tion of the epididymis with the seminal 
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products, then there appears to be no ques- 
tion whether ligation of the duct, of itself, 
produces degeneration of the germinal por- 
tion of the organ. Many things can be 
done to the testis that will cause it to loose 
its germinal epithelium in a very short 
time, for this organ is known to be a very 
labile one and to react to many unfavor- 



Fig. 6. Photographs of Two Adult Rabbit Testes 

A, testis on right, normal control: testis on left, 
vasoligation six months (note distended epidid- 
ymis, e)- 

B, testis on right, abdominal retention six months; 
testis on left vasoligation six months (section of left 
testis in B shown in figure i). 

able conditions by loss of its germinal 
tissue. 

In 1919 the writer sought to produce 
degeneration of the testes and compensatory 
hypertrophy of the interstitial tissue by 
vas deferens ligation in order to compare 
these testes with testis grafts. In the 
rat and guinea pig, however, degeneration 


did not follow after operation (observa- 
tions unpublished). The problem was 
further investigated by Oslund, then a 
graduate student in this department, and 
the first rational interpretation was given 
to results obtained following vascctomy 
(134). Correlation of results obtained 
with those obtained by the writer on 
the effects of displacement of the testis 
in experimental cryptorchidism (sec sec- 
tion II) focused attention on the posi- 
tion of the testis following vas deferens 
ligation. Oslund was able to correlate 
all cases of degeneration following vas 
deferens ligation with an abnormal 
position of the testis where this was 
definitely known. Further experiments 
checking absolutely the position of the 
testis after operation showed that in 
every case the testis was normal if it re- 
sided in its normal scrotal position, but 
if it was held by adhesions in the inguinal 
canal or in the lower abdomen it was 
degenerate; a similar degenerate condition, 
however, followed as quickly if the vas 
deferens was intact but the testis abnor- 
mally situated. It follows therefore that 
degeneration was not due to occlusitm of 
the vas deferens but to an abnormal posi- 
tion of the testis. Oslund later 
confirmed earlier writers that vasectom}" 
does not affect the dog testis if the dogs 
are not confined to close quarters, and that 
degenerate testes arc often found in dt>gs 
confined but which have had no operation . 
Moore and Oslund (131) likewise con- 
firmed earlier experiments oft sheep vasec- 
tomy showing that the testes continued 
in active spermatogenesis nunuhs after 
complete occlusion of the sperm duct. 

In order to test the hypothesis of an 
early degeneration of the epithelium fol- 
lowed by regenenition in vascctom\ cases, 
Moore and Quick performed the 

operation on a scries of rabbits, studung 
the testes at inrei vaLs from rhirreen ila\ s to 
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six months after operation. Spermato- 
genesis was normal after the operation 
and the retained products caused the 
epididymis to double or triple in size. 
Figure 6, A, shows the ligated testis of a 
rabbit in comparison with the normal one 
six months after vas deferens occlusion. 
One can readily see that the epididymis of 
the vas ligated testis is much larger than 
the normal. Figure i, a section taken 
through the center of the testis shown in 
Figure 6, B (left), shows that the semini- 
ferous tubules are normal and actively 
producing germ cells; testes removed 
thirteen days after operation were normal. 
There was no evidence that would lead one 
to assume an earlier degeneration of the 
germinal epithelium followed by a re- 
generation. 

The enlargement of the epididymis 
tends to cause the testis to be elevated 
towards the neck of the inguinal canal and 
abdomen and on several occasions has been 
seen to result in the displacement of the 
tescis into the abdomen. Because of the 
hypertrophied epididymis the testis some- 
times does not immediately return to the 
scrotum and it should be remembered that 
artificial displacement of the testis into 
the abdomen for a very short period causes 
it to degenerate. In one case, we noted 
abdominal retention and consequent de- 
generation at six months. It must be 
emphasized, however, that this degenera- 
tion was not due to vasectomy but to 
abdominal •retention. In other cases 
where purposely the testis was confined 
to the abdomen it was degenerate thirteen 
days after operation, but this is all that 
could be expected when the effects of 
abdominal retention are borne in mind. 
Thus it is again shown that ligation of the 
ductus deferens does not of itself cause the 
testis to degenerate, nor have we in this 
laboratory ever seen a case of hypertrophy 
of the interstitial cells following this 


operation . Our s tudies involve more than 
a hundred vasoligations on rats and guinea 
pigs, twenty on rabbits, and four on sheep, 
with intervals of time from two weeks to 
longer than a year. 

It should be emphasized that degenera- 
tion of the testis and the so called inter- 
stitial hypertrophy is the very basis upon 
which the idea of the efficacious measures 
of vas ligation are based and our experi- 
ments in this laboratory have been re- 
peated on the same animals utilized by the 
originators of this hypothesis . With such 
facts in mind how are we to account for 
degeneration reported by other investiga- 
tors? Emphasis should be placed upon 
the fact that the testis is an extremely 
labile organ and many apparent slight 
influences will cause its rapid degenera- 
tion. Mere confinement of the dog often 
leads to loss of germ cell production, 
which undoubtedly is temporary. 

Our point of error has been adequately 
demonstrated by this laboratory, namely 
that of displacement of the testis from its 
normal scrotal position with consequent 
degeneration from experimental cryptor- 
chidism and not from vas deferens liga- 
tion. This is very prone to happen in 
animals whose testes have an open path- 
way from the scrotum to the abdomen, as 
the rat, rabbit, and guinea pig; and the 
majority of degenerations reported have 
come from this series of animals. Manip- 
ulation of the testis where trauma is in- 
volved often causes the testis to be re- 
tained partially or wholly in the abdomen. 
The effect of this has been known since 
Griffith’s time but it is easily forgotten 
and neglected. It was so in this labora- 
tory, and only the first hand dealing with 
such operations coincident with vasec- 
tomy served to impress the fact sufficiently 
that slight displacements were to be 
taken seriously. No doubt a great num- 
ber of degenerations following vasectomy 
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are due to this factor. Operation on such 
animals should be done through the abdo- 
men where the vas can be ligated close to 
the testis without touching the testis or 
with drawing it from the scrotum; opera- 
tion though the scrotum itself should be 
rigorously avoided if uncomplicated con- 
ditions are desired. Even with a clean 
operation on the vas deferens, where by 
all means the artery of the vas deferens 
is to be avoided, adhesions have occurred 
that caused testis elevation. This con- 
dition leading to degeneration must be 
clearly separated from the effects of the 
occlusion of the vas deferens. All blood 
vessles running to and from the testis 
should be avoided. Many workers have 
given no heed to this complicating factor 
and have ligated the entire spermatic cord. 
It should be no surprise that degeneration 
follows such a procedure in the testis for 
organs deprived of their blood supply will 
undergo degeneration whether they be 
liver, kidney, brain or spleen. 

Steinach and Sand severed the testis 
from the epididymis believeing that by 
this method degeneration occurred more 
surely and more rapidly. Van Wagenen 
(133) recently studied this method of 
blocking the testis outlet and notes degen- 
eration of the testis in 106 cases in the rat. 
In a later paper (134) however she states 
that her operations were followed by 
hardening of the testis from congestion, 
and that the lack of oxygen and food was 
undoubtedly sufficient to cause such de- 
struction as was obtained. 

The lack of proper controls has in some 
cases led to misrepresentations of the 
effect of occluding the outlet duct. And 
finally many apparently trivial conditions 
can become complicating factors and give 
results that are wrong in implications un- 
less particular attention is given to the 
fact that the testis is affected adversely. 
Insufficient attention to apparently minor 


details is the structure upon which has 
been builded the erroneous hypothesis that 
occlusion of the duct of the testis leads to 
the degeneration of its germinal epithe- 
lium. Belfield (10) has recently restated 
the conditions obtaining in man where the 
vas deferens has been totally occluded. 
Thus “In a large majority of subjects 
sperms have been found there (epididymis) 
even from five to seventeen years after the 
occluding epedidymitis occurred ; in these 
cases, therefore, atrophy of the spermatic 
tubules had not occurred” (page 12.41). 

Founded on error, therefore, and abun- 
dantly disproved on every species of mam- 
mal where degeneration after vas ligation 
has been reported, it would seem that the 
operation as applied to man for purposes of 
rejuvenatibn should have well run its 
course — at least so until adequate proof of 
some biological principle is involved to 
justify its utilization. At present it may be 
emphatically stated there is no biological 
justification for the operation that ha.5 
been established by experiment. The 
testis neither undergoes rapid degenera- 
tion solely on account of blocking the out- 
let from it, nor docs this oj>cration affect 
in any detectable manner the condition of 
the interstitial cells. It is now well un- 
derstood that many influences can cause 
degeneration of the testicle, and that in 
the majority of such cases of degeneration 
the interstitial cells apfiear to be more 
abundant. In infarction of the liver or kid- 
ney, areas of degeneration of parenchyma 
can be seen accompanied by a prolifera- 
tion of connective tissue, but as yet this 
method of clinical procedure has not been 
employed as an efficacious measure. 
Granting there may appear to be an in- 
terstitial cell increase, it is yet to be proven 
that such has any influence upon the 
organism. Until such a condition is 
proven there is no justification in ac- 
cepting in principle an efficacious result 
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from any method that causes the testicle 
to degenerate. This is dealt with more 
in detail in a following section. 

IV. TESTIS TRANSPLANTATION 

Transplantation of the mamalian testis 
has been studied for many years and the 
development of our present knowledge 
of the best technic, of the possibilities of 
the reaction of the transplanted tissue, and 
of the efficacy of the procedure has been a 
fascinating topic. 

The earliest attempt to transfer the 
testis from one organism to another with 
notable results dates back to 1849. 
that year Berthold (17) published his 
notable contribution on the autoplastic 
and homoplastic transplantation of the 
bird testis . Testes placed within the coils 
of the intestine and removed six months 
later contained spermatozoa capable of 
movement. About forty years later 
Berthold ’s observations were confirmed 
for the same animal by Loge (96), Hanau 
(64), and Foges (48). It was found that 
the bird testis graft persisted in a func- 
tional condition not only in the abdomen, 
its normal location, but also in subcutane- 
ous areas wherever it could obtain a 
vascular supply: underneath the skin the 
spermatogenetic function continued and 
motile spermatozoa were produced. 

Following this earlier successful bird 
work, both amphibian and mammalian 
transplantations were studied, but in the 
latter, expeefed successes did not easily 
follow. Many workers were able to 
successfully transplant mammalian ova- 
ries and it was realized early that these 
could be transplanted with much greater 
ease than could the testis. Ribbert (155) 
was unable to transplant the testis of the 
rabbit or dog and obtain persistence of the 
graft. Within a very few days after 
transplantation he noted that the semini- 
ferous tubules underwent degeneration and 


rapidly lost their germinal epithelium; in 
some cases the epididymis tubules could 
be found in a relatively normal condition 
but more often all the graft was resorbed 
and replaced by connective tissue. Rib- 
bert believed that it was impossible to 
transplant the organ successfully because 
of the fact that its functional products 
were discharged to the outside. Gobell 
(53) likewise failed to obtain persistence 
of transplanted testes of the rabbit and 
guinea pig. The grafts rapidly became 
necrotic and gave no evidence of a capacity 
to persist and carry on their spermatozoon 
producing function; the contents of the 
seminiferous tubules at the time of trans- 
plantation were rapidly absorbed. Foa 
(47) failed in his attempt to transplant the 
dog testis and he was firmly convinced 
that the testis could not be transplanted 
and persist. Cevolotto (35) was some- 
what more , succesful with the rabbit; 
grafts recovered forty-five days after 
subcutaneous transplantation consisted of 
a few degenerate tubules. Practically all 
the germinal epithelium was destroyed by 
a process of sloughing into the lumina of 
the tubules and subsequent degeneration. 
Castle and Phillips (33) had negative re- 
sults in thirty-three attempts to transplant 
young rat testes into the empty scrotum 
of an older castrated rat. 

Beginning with the work of Steinach 
better results were obtained in transplan- 
tation of the testes (177 to 183). In 1910 
he reported the successful persistence of 
autoplastic testicular grafts but in all 
cases the seminiferous tubules were en- 
tirely abnormal in as much as only tubule 
outlines containing a few Sertoli cells 
were present instead of the normal ger- 
minal content characteristic of the organ. 
He states that in all testis grafts the ger- 
minal portion is lacking and that the most 
prominent tissue is the interstitial tissue 
composed largely of the cells of Leydig; 



THE QUMTERLY REVIEW OF BIOLOGY 


these he considers to be the source of the 
sex hormones (see later section). 

VoronofF (196) has transplanted the 
testes of goats, rams, and man. Retterer 
(151) (151) describing these grafts re- 
covered by VoronofF from the goat and 
ram mentions that the majority of the 
grafts are degenerate; may times there is 
only connective tissue, but in others well 
defined tubule outlines are present with 
at times traces of the germinal epithelium. 
One testis graft from each, the goat and 
the ram, are said to show a fairly normal 
epithelium within the seminiferous tub- 
ules and to contain bodies believed to be 
sperm heads. This was true in the goat 
graft (removed from the scrotum) after 
a period of persistence of about two weeks. 
It may be questioned, however, whether 
this graft represents possible retention of 
completely differentiated products at the 
time of transplanatation; it is conceivable, 
in the absence of other grafts to substanti- 
ate the idea, that this graft represents a 
retention of previously formed products 
rather than the differentiation of new 
products after transplantation. This 
short period of time leaves the implication 
of the findings somewhat in question. A 
longer persisting ram testis graft showing 
fairly normal seminiferous tubules con- 
taining sperm head-like bodies, is also 
open to question for the reason that the 
graft was fastened to the normal testis of 
the host. In removal of this graft it may 
be questioned whether a portion of the 
normal testis in situ was adherent to what 
was supposedly the original transplanted 
tissue. 

The short account of Retterer was un- 
known to Moore (113) when he stated 
that for the first time mammalian testis 
grafts were obtained which had differ- 
entiated spermatozoa. If the implica- 
tions of Retterer’s account are correct 
then this was actually shown two years 


earlier. It makes little difference wdiether 
actually correct or not, the significant 
thing, and the point contended for by 
Moore, is that there exists bur one locality 
in the mammalian body where grafts 
have proven capable of producing sperma- 
tozoa. This locality is the scrotum, and 
its significance is discussed in section V, 

Sand (157, 158, 161, 164) has reported 
his experiences many times with trans- 
plantation of the mammalian testis, using 
chiefly rats and guinea pigs. His general 
results on histological persistence of the 
testis grafts differs in no material way 
from those described by Steinach, except 
that he does mention (164) that sometimes 
the germinal epithelium may be partially 
preserved and contain spermatogonia and 
spermatocytes. 

The results of testis transplantations in 
this laboratory were at first similar to 
those described above (Moore 115, It6); 
grafts consisted of degenerate seminiferous 
tubules containing only Sertoli cells, and 
many times an apparent overdevelopment 
of interstitial cells though it was recog- 
nized that the latter did not always fol- 
low. Figures 7 and 8 are reproductions of 
small portions of two grafts obtained from 
transplantation of the testes into spayed 
female guinea pig. It is evident from 
figure 7 that seminiferous tubules lack a 
germinal epithelium except for the single 
basal row of Sertoli ceils; interstitial cells 
appear to be developed in an overabund- 
ance. Figure 8, however, is an exceptional 
type and shows that active spermato- 
genesis has continued despite the fact that 
the graft resided in the spayed female for 
a period of nine months. The interstitial 
cells in comparison with figure 7 are 
minimal in amount and approach the con- 
dition of this tissue in the normal testis. 
From this the question arose why sperma- 
tozoa were never found in transplanted 
mammalian testes; Berthold had obtained 



BIOLOGY OF MAMMALIAN TESTIS AND SCROTUM zi 

bird testis grafts with spermatozoa. If found? It can be seen (a, fig. 8) that the 
in mammals the earlier phases of spermato- lumen of some of the tubules contained 



Fig. 7. Guinea-pig Testis Grapt (Peritoneal) Seven Months in Spayed Female 
k, interstitial cells; st, seminiferous tubules 



Fig. 8. Guinea-pig Testis Graft (Subcutaneous) Nine Mooths in Spayed Female 
cells sloughed from epithelium into tubular lumen; zV, interstitial cells; sf, seminiferous tubules. 

genesis continued actively, why were later loosened cells in stages of degeneration, 
stages with actual spermatozoa never On closer observation it could be seen that 



21 . 


THE QUARTERLY REVIEW OF BIOLOGY 


these were graduall/ escaping from the 
medial edge of the epithelium into the 
lumen where they underwent fragmenta- 
tion and solution; they appeared to have 
lost their capacity to adhere to the epithe- 
lial strata and build this to completion. 
The answer to this puzzling question did 
not receive its explanation until the first 
results were obtained on experimental 
displacement of the testis into the abdo- 
men (see section II). 

When it was forced upon the attention 
that a normal testis in a stage of active 
spermatogenesis will undergo rapid de- 
generation within six days and lose all 
its germinal epithelium within a period of 
twenty days if it is placed in the abdomen, 
it was only logical to account for the lack 
of the the germinal portion of the testis 
grafts as being due to their abnormal 
environment. An apparent discrepancy 
should be made clear. It has been found 
that a testis displaced from the scrotum 
into a subcutaneous environment is en- 
tirely different structurally from the 
opposite one displaced into the abdomen. 
And whereas many grafts previously 
described in the literature have been made 
intramuscularly and intraperitoneally the 
one shown in figure 8 was a subcutaneous 
graft. 

Following this condition further, and 
testing the hypothesis that the scrotum 
has a very definite and decided influence 
upon the process of spermatogenesis, the 
writer has carried out an extensive series 
of testis transplantations in different 
localities in the body (115). More than 
one hundred rat testis grafts from intra- 
peritoneal, subcutaneous, intramuscular 
and scrotal positions were recovered; 
spermatogenesis continued in many grafts 
up to the spermatocyte stage and mitoses 
proved that active division of the germ 
cells continued. The newly formed cells 
however did not adhere and produce a 


complete epithelium but instead they 
escaped from the epithelium into the 
lumen to degenerate. Testis grafts, in 
the scrotum, were many times similar to 
grafts from other localities but several 
of the scrotal grafts showed normal 
seminiferous tubules. These tubules con- 
tained a normal, active germinal epithe- 
lium, many cells of which were in stages 
of mitosis and spermatozoa were present 
in quantities similar to normal testes. 
In these cases there is no question that 
differentiation continued in the graft. 
The testes transplanted were taken from 
animals two to ten days after birth, at 
which time the tubules are embiy'onic 
in development, and they were trans- 
planted onto the tunica vaginali.s of totally 
castrated males; in sections of the grafts 
the remains of the old ligature can be 
seen. These grafts were removed two to 
six and one-half months after transplanta- 
tion. 

These facts teach us therefore that a 
mammalian testis graft can develop sper- 
matozoa provided it is transferred to a 
locality where such is possible. To date 
the scrotum is the only locality where 
such differentiation has been obtained, 
and since it fits in so consistently with the 
many other elements of proof for the 
function of the scrotum, we have good rea- 
son for suspecting that it will prove to be 
the only locality in which germ cell 
differentiation can go to completion. 

One of the many debatable points arising 
in sex gland transplantation has had to 
do with the possibility of successfully 
transplanting a gonad into an animal of 
the opposite sex. Hcrlitzka (70) and 
Schultz (165) were to my knowledge the 
first workers to attempt, %vith successful 
results, such transplantation in the mam- 
mal. Each, working with tlic guinea pig, 
succeeded in transferring the ovary into 
normal males and recovered later the 
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ovarian graft. Herlitzka in particular 
mentions that the ovarian graft is not 
hindered in its incorporation or persistence 
by the normal testis of the male host. 
Basso C9) likewise recovered ovarian 
grafts from normal male rabbits; they 
persisted as satisfactorily as when trans- 
planted into females and contained nor- 
mal Graafian follicles in all stages of 
development. Marshall and Jolly (106) 
were able to transplant the ovary into a 
male rat with limited success. Cevo- 
lotto’s (35) grafts of the testis into sub- 
cutaneous positions in the female rabbit per- 
sisted as well as when graft -d into males. 

Steinach was unable to obtain persis- 
tence of a gonad of the rat or guinea pig 
after its transfer to a normal animal of 
the opposite sex. Thus he could suc- 
cessfully transfer an ovary into a male 
animal previously castrated, or a testis 
into a previously spayed female, but he 
could not obtain persistence without 
previous elimination of the normal glands 
of the host. In 1916 however he was suc- 
cessful in transplanting simultaneously 
an ovary and a testis into a previously 
castrated animal. 

Around this series of results Steinach 
constructed his hypothesis of antagonism 
between secretions from the two opposite 
sex glands. He believed each gland 
produced a substance that acted adversely 
on the opposite sexed organ, and that this 
influence was sufficiently potent to pre- 
vent, for examj^le, the growth of an ovary 
in a normal male or the growth of a 
transplanted testis in a normal female. 
When the environment was neutral, how- 
ever, as might be conceived to follow 
elimination of the normal gonad from 
either animal, then simultaneous trans- 
plantation of the two opposite sexed 
organs into the neutral host would, be 
followed by incorporation and growth of 
each. Thus he believed that the antago- 


nistic forces were somewhat overcome, 
that each had an equal chance of incor- 
poration and persistence. 

Sand like Steinach was unable to obtain 
incorporation of the gonad of one sex in a 
subcutaneous position in a normal animal 
of the opposite sex; with removal of the 
normal gonads of the host such could be 
obtained. However, by transplanting an 
ovary into the substance of the testis he 
found that the ovary graft persisted and 
carried on its differentiation in a normal 
manner, and the testis likewise remained 
normal and produced spermatozoa . He thus 
saw an inconsistency in Steinach ’s antag- 
onism hypothesis, but there was still to 
account for, his failures to obtain growth 
of the graft in other parts of the body 
without first removing the host gonad. To 
account for this Sand developed his hy- 
pothesis of “atreptical immunity." 

In brief. Sand conceives that the body 
elaborates a specific food substance essen- 
tial for growth of the sex glands, but a 
non-sex specific substance that either 
gland could utilize. This substance, he 
believes, is rapidly removed from the blood 
stream and stored within the organ in 
question. Therefore, he believes that a 
normal testis would so completely remove 
the specific substance, storing it within 
the gonad, as to make it unavailable for 
the ovary transplanted into a subcutane- 
ous position and this graft perishes be- 
cause of starvation for it. If however 
the ovary is placed within the testicular 
substance this specific food substance 
would be available to it and persistence 
follows. 

It will be realized, therefore, that both 
Steinach ’s "antagonism" hypothesis and 
Sand’s "atreptical immunity" hypothesis 
were constructed primarily to account for 
their failure to obtain growth and per- 
sistence of gonads transferred to normal 
animals of the opposite sex. In this 
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laboratory, however, we have not found 
the need for such hypotheses. Moore 
(115) reported successful results from 
transfer of ovaries into male rats that 
retained one normal testis, and testes 
transplanted into females with one ovary- 
present. It was our earlier custom to 
operate simultaneously on a young male 
and female of the same age, removing one 
testis from the male to the female, and 
one ovary from the female to the male; 
thus each animal retained one of its nor- 
mal sex glands and the transplanted gland 
of the opposite sexed animal. Many 
months after the operation such ovarian 
grafts from males with one testis present 
were found to be carrying on their normal 
differentiation, from the fact that normal 
Graafian follicles of all stages of develop- 
ment were present, even to stages showing 
maturation of the ovocytes; the single 
intact testis of the male was entirely 
normal and the animal was utilized as a 
breeding male. Similarily the testis grafts 
were recovered months after transplanta- 
tion from the female whose single ovary 
remained in place and functional. These 
testis grafts, for the reason that they were 
in intramuscular and intraperitoncal posi- 
tions were not in a normal condition but 
were entirely similar to grafts from such 
localities in castrated males. Moore 
called attention to the superflousness 
of hypotheses explaining lack of such per- 
sistence in as much as no difficulty was 
exerienced in obtaining persistence of the 
graft in the opposite sexed animal. 

Bohn (ii) reviewing Moore’s results and 
contentions saw in the experimental 
procedure a confirmation of Sand’s hypothe- 
sis. In as much as he takes for granted 
the necessity of removal of one sex gland 
before the gonad of the opposite sexed 
animal would survive Bohn argues that 
removal of the one gland would allow 
sufficient amounts of the specific food sub- 


stance to be left in the general circulation 
and the opposite sexed transplant could 
therefore persist. Moore (no) however 
pointed out the fallacy of this reasoning by 
citing preliminary results of later experi- 
ments wherein such transplantations were 
carried out successfully without interfer- 
ing in any way with the normal intact 
gonads of the opposite sexed host (see 
115). Thus in a large scries of testis 
grafts many of which were transplanted 
into normal females, such grafts persisted 
for months and when removed were found 
to contain seminiferous tubules in active 
spermatogenesis: the cells produced by 
mitosis in the germinal epithelium es- 
caped into the lumina of the tubules and 
degenerated, in all essentials the exact 
counterpart of tubular activity in grafts 
located in castrated males. This condi- 
tion holds, moreover, even during the 
course of pregnancy. Testis grafts have 
been removed from at least ten iiormal 
females that had completed the period of 
pregnancy, delivered and suckled normal 
litters of young and were killed immedi- 
ately on weaning; the grafts in such cases 
have persisted for months after trans- 
plantation. The same has been found in 
many other normal females that had not 
been bred. 

Thus it is seen that neither the two 
ovaries nor even the condition of preg- 
nancy itself has any apparent deleterious 
influence upon spermatogenesis so far as 
this function can be consiimarcd in the 
environment in which the graft finds it- 
self. Grafts made in similar positions 
in the normal male, normal female, preg- 
nant female, or castrated male appear to 
have the same capabilities of growth 
and persistence as well as of differentia- 
tion; it is to be remembered, however, 
that the graft placed in the scrotum can 
complete diflerentiation and produce nor- 
mal tubules containing spermatozoa. 
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V. THE FUNCTIONAL SIGNIFICANCE OF THE 
SCROTUM 

Preceding sections have directed the 
attention to some conditions under which 
a testis fails to continue its normal game- 
togenetic function. Thus undescended 
testes of scrotal animals do not produce 
germ cells and double cryptorchidism is 
accompanied by sterility; removal of 
healthy functional testes from the scrotum 
to the abdomen results in rapid and com- 
plete destruction of the germinal tissues, 
and return of a testis in a degenerate con- 
dition from the abdomen back into the 
scrotum permits of recovery and return 
to a normal functional condition, whereas 
a testis intermediate between the two 
cavities may likewise show an in- 
termediate condition from degenerate to 
normal; ligation of the vas deferens does 
not affect the normal function of germ 
cell differentiation provided the testis 
suffers no displacement from its normal 
position by adhesions or other factors 
unrelated to mere occlusion of the excur- 
rent duct; and finally testis grafts are 
found capable of producing spermatozoa 
only when transplanted into the scrotum. 
In each case, therefore, the common factor 
is an association of the testicular tissue 
with the normal scrotal position for the 
organ. With this information derived 
from experiments before us, the work in 
this laboratory was directed to the study 
of the nature of the causes for germ cell 
degeneration When the organs are extra- 
scrotal in po'sition. Why do undescended 
testes fail to develop normally? Why do 
testes removed from the scrotum to the 
abdomen undergo rapid and complete 
germ cell degeneration? Why do testis 
grafts complete their normal development 
only when placed in the scrotum? 

By experiment all hypothetical factors 
were eliminated as primary causes of germ 


cell degeneration except the possibility 
of higher abdominal temperatures, or con- 
versely lower scrotal temperatures. 
While experiments were in progress to 
prove or disprove the differential tempera- 
ture hypothesis Crew (41) on hypothetical 
grounds advanced the suggestion that the 
aspermatic condition of improperly de- 
scended testes might be due to higher tem- 
peratures in the abdomen than in the 
scrotum. 

Several means suggested themselves to 
prove or disprove the idea, among which 
were investigations (i) to ascertain if 
real differences in temperature did actually 
exist in the two localities; (1) to deter- 
mine if prevention of heat loss from the 
scrotum affected the welfare of the organ; 
and (3) to study the effect of applying 
temperatures somewhat higher than nor- 
mal to the scrotum or testes direct. 

a. Scrotal and abdominal temperatures 

It is well known from the experiments 
of Benedict and Slack (ii) that a tempera- 
ture gradient exists in man, from the 
deeper cavities of rectum and vagina to 
the external skin, of approximately 5°C. 
It has also been stated that temperatures 
within the scrotum were less than in the 
abdomen without citations of such obser- 
vations. Moore and Quick (12.8) how- 
ever, determined that the interior of the 
rabbit, rat and guinea pig scrotum was 
invariably some degrees cooler than the 
interior of the abdomen. This difference, 
detectable at ordinary laboratory room 
temperature, increased as the external 
environmental temperature diminished. 
The guinea pig and rabbit scrotal tempera- 
ture was to 3°C. lower than abdominal 
temperatures at a room temperature of 
3o°C. but this difference was more marked 
in the rat. Thus in the white rat ob- 
served in a room temperature of i6°C. it 
was found that the interior of the scrotum 
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was 7°C. lower than the interior of the 

abdotaen. 

Thus direct proof is afforded that the 
actual normal environmental (scrotal) 
temperature is lower than that of the 
general body temperature and the hy- 
pothesis is greatly strengthened that a 
differential body temperature is the 
causal agent in testicular degeneration 
when the organ is abnormally situated in 
reference to the scrotum. 

b. Scrotal insulation 

The fact of a differential temperature in 
the abdomen and scrotum necessitates the 
assumption that the scrotum is a local 
thermoregulator serving to control the 
temperature around the testes. If such a 
regulatory mechanism is essential for 
normal testicular activity it should fol- 
low that prevention of the control would 
be fatal to the active elements of the 
organ. Moore and Oslund (13 1) choosing 
the ram with its large pendent, pear- 
shaped scrotum as the most suitable 
animal for experiment, carefully covered 
the scrotum first with a layer of woolen 
batting, second with a layer of heavy 
woolen cloth, and finally with a layer of 
waterproofed canvas material. Sewing 
each layer separately so as to closely fit 
the external scrotal contour it was be- 
lieved that at least a part of its regulatory 
function might be done away with. Care 
was exercised to prevent encaseing ma- 
terials from sagging upon, or binding, the 
scrotum; supports over the animal’s back 
allowed the scrotum to hang its full 
length and at all times a finger could be 
passed inside the covering. The animal 
was sacrificed ninety days after the 
scrotal wrappings were applied, mean- 
while running freely in a barnyard. Sec- 
tions from different regions of the testis 
showed that the scrotal insulation pro- 
duced a decided degeneration of these 


organs. No normal seminiferous tubules 
were found in the testis nor could sperma- 
tozoa be seen from any region of the 
testis proper. The cells of the germinal 
epithelium had either been entirely re- 
moved or could be seen in stages of 
degeneration. The lumina of many tub- 
ules contained degenerating masses of 
cells thrown out from the epithelium. 

We thus see that prevention of the 
thermoregulatory function of the scrotum 
causes an animal to sterilize itself with its 
own body heat. The germinal tissue 
destruction is highly similar to that found 
in experimental cryptorchidism. This re- 
sult alone would appear sufficient to 
definitely establish the function of the 
scrotum as a local thermoregulator, and a 
scrotal position as indespensiblc to the 
normal activities of the testes in those 
mammals normally developing a scrotum, 

c. Heat application 

As confirmative proof of the effects of 
higher temperatures upon the welfare of 
the testis, artificial sources of heat ha\^e 
been applied externally to the scrotum 
as well as directly to the testis itself, 
Moore and Chase rept)rtcd that 

external application of higher than nor- 
mal body temperatures to the scrotum was 
followed by degeneration of the restes. 
Discussing the effects more in detail 
Moore (113) showed that single exposures 
to water approximately 7X. above nor- 
mal body temperature, running over the 
scrotum, was followed within five to 
ten days by extreme degeneration of the 
testes. Graded effects of this inflticficc 
were obtained by varying cither the 
length of application of heat ('iisiiig 
warmed water, electric stove, or electric 
light) or the degree. Testes suspended in 
a normal saline solution 6® to 7®C. above 
normal body temperature for five minutes 
suffer the loss of practically ail the ger- 
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minal cells within ten days. Similar 
exposures of testes to saline of a few de- 
grees below normal body temperatures 
leaves the testis normal. It is the higher 
temperature, therefore, and not the opera- 
tive procedure that is the cause of de- 
generation. 

The Japanese worker Fukui (50, 51, 51) 
determined that testes of the goat, rabbit, 
guinea pig and rat degenerate rapidly 
after exposures to artificial heat slightly 
above the normal body temperature. 
Fukui employed as sources of heat an 
electric arc, sun light, hot water, hot air 
and paraffine . Particular emphasis should 
be given his findings that a testis elevated 
to the abdomen requires approximately 
the same length of time for degeneration 
as does a testis to which the equivalent 
of body temperature is applied externally 
to the scrotum. A second point of partic- 
ular importance is his findings on arti- 
ficially cooled cryptorchid testes. In the 
dog he found that when both testes were 
replaced in the abdomen and an artificial 
cooler applied to the ventral abdominal 
wall in the region of one testis, the testis 
in the artificially cooled region remained 
normal while the uncooled one degener- 
ated. 

With the accumulated data from so 
many and varied types of experiment 
bearing directly on the condition of the 
testicle we may now regard as proven that 
temperatures within the abdomen are 
above the optimum for spermatogenesis. 
Thus we have* an explanation of condi- 
tions inherenf in undescended testes; we 
have a partial solution for the behavior 
of testis grafts; and we see an explanation 
for perhaps most of the incorrect con- 
clusions on the effects of vasectomy. 

d. The significance of the scrotum 

Appearing only in mammals, the hither- 
to unexplained conditions of scrotal forma- 


tion, and testicular descent, appear in a 
new light. Thoroughly appreciating the 
fact that the lowest mammals (monotre- 
mata) retain the reptilian and lower 
vertebrate type of abdominal testes, a sur- 
vey of mammalian forms forces attention 
to a gradual evolution of the scrotum and 
testicular descent. The marsupials, more 
or less specialized in many ways, are like- 
wise aberrant in scrotal formation in as 
much as the scrotum is perpenial and of a 
somewhat different type than that found in 
other mammals. Many edentates, like 
the monotremes, retain the testes in the 
abdomen normally, as do some of the in- 
sectivores. Certain members of different 
lower groups of mammals have a seasonal 
spermatogenetic cycle at which time the 
testes are either in contact with a thin 
area on the abdominal wall or lie in a 
relatively temporary scrotum. The active 
production of germ ceils is therefore cor- 
related with this simple scrotal beginning 
(Rasmussen, Tandler and Gross, Marshall, 
Griffiths, Hansemann, etc.). Recession of 
the organ from this temporary scrotal posi- 
tion is followed in general by loss of 
capacity to produce germ cells. Among 
rodents (rat, rabbit, guinea pig, etc.) the 
testes usually have passed through an 
inguinal canal into a scrotum but separa- 
tion of the latter cavity from the abdomen 
is not complete; the inguinal canals re- 
main patent throughout life and the 
testes can be elevated into the abdomen 
and redescend into the scrotum. Terres- 
trial carnivora possess the closed scrotum 
but in some aquatic carnivora the testes 
remain in the abdomen. The majority 
of the unguiata show a typical descent 
into the scrotum but again several mem- 
bers of this group retain the testes in the 
abdomen (hyrax, elephant, rhicoceros). 
Abdominal testes also exist in some of the 
more highly specialized aquatic forms 
(cetaceans and sirenians) but primates 
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normally carry the scrotal development to 
completion and the closed inguinal canals 
prevent reentry of the descended testis into 
the abdomen. 

There is thus revealed in general a 
correlation of scrotal development and 
mammalian evolution but as in the evolu- 
tion of so many structures (appendages, 
teeth, etc.) Variations have occurred. 
Such an evolution is not necessarily in- 
variably associated with the acquisition 
of higher body temperatures for the bird, 
with its slightly higher temperature than 
mammals, has retained the testes in the 
abdomen. 

Without attempting to explain the 
cause of such an evolution in terms of one 
hypothesis or another attention may be 
directed to the structural characteristics 
of the scrotum that would fit it for such 
a thermoregulatory capacity. Primarily 
an outpouching of the peritoneum against 
a thin area of the abdominal wall, con- 
tinued elaboration has produced a sac like 
structure lined by the tunica vaginalis, a 
derivative of peritoneum, covered by an 
extremely thin integument well provided 
with sweat glands and without subcu- 
taneous fat. Active adjustment to ex- 
ternal temperatures can be noted in many 
animals by the great relaxation of the 
scrotum in hot weather as against its de- 
cided contraction in the cold; within 
certain limits the amount of relaxation and 
consequent separation from the body is 
a function of the external temperature. 
That it does function to reduce the en- 
vironmental temperature of the testis has 
been proven by Moore and Quick, and it 
is now fully appreciated that such an 
adjustment is essential for those mammals 
normally developing such a structure. 

Data for a consideration of the possible 
relationship between degrees of scrotal 
formation and the body temperature of the 
animal are not available, but it would 


appear probable that in many animals 
lacking the scrotum the body tempcnimre 
would be of a variable character and sub- 
ject to wider fluctuations than would oc- 
cur in those forms where complete descent 
into a well formed scrotum has taken 
place. Different degrees of degeneration 
by abdominal replacement of the testis 
of rats and guinea pigs correlates with a 
less restricted range of body temperature. 
Temperatures against the internal body 
wall of the rat were found to be a degree 
or more lower than among the viscera 
in a deeper position; the variations in this 
respect are greater than are those found in 
the guinea pig. Correlated with this 
fact we find that abdominal testes of 
guinea pigs are injured considerably more 
in a given length of time chan is the nir 
testis; guinea pig testes elevated into the 
abdomen for a period of two weeks arc 
usually more degenerate than the rat 
testis similarity treated for six months. 
But yet in the guinea pig, despite the 
total loss of the generative portion of an 
abdominal testis in two weeks, a testis 
graft subcutaneous in position may con- 
tinue its early stages of spermatogenesis 
and build an epithelium practically nor- 
mal in its cellular content for a {x-riod of 
nine months (see fig. 8). 

We are justified in concluding, therefore, 
that in the evolution of mammals a condi- 
tion has been produced such that the testes 
cannot carry on their primary function 
when exposed to the normal abdominal 
temperature. There has been a gradual 
recession of the organ posteriorly where 
first it comes to lie against the anterior 
abdominal wall in a cooler and primitive 
scrotal-like area. Carried farther this 
primitive beginning has gnidiialiy become 
more pronounced and in the higher forms 
the scrotum with its special structural 
peculiarities becomes closed off from the 
abdomen and provides within its interior 
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a temperature environment lower than 
that in the abdomen. Along with this 
newly acquired structure and function the 
testes of higher mammals depend upon the 
very conditions that are provided. With- 
out this thermoregulatory function the 
testes cannot produce spermatozoa. Re- 
moved from the cooler environment of the 
scrotum, or so interfering with the scro- 
tum that it cannot regulate the tempera- 
ture about the testes, the organ cannot 
perform its primary function in the general 
economy of the animal body — that of 
producing spermatozoa. 

VI. THE EFFECTS OF ROENTGEN RAYS ON THE 
TESTIS 

The discovery of the X-rays by Roent- 
gen in 1895 and the accidental effects upon 
the skin in producing inflammations and 
dermatitis caused attention to be focused 
on these, particularly their effects upon the 
organism or individual parts of it. 

The destructive effects of the X-rays on 
the gonads, more or less accidentally, 
discovered by Albers-Schonberg (i) has 
led to considerable experimental work on 
the reproductive glands. Albers-Schon- 
berg exposed male rabbits and guinea pigs 
to X-rays and failed to obtain offspring in 
subsequent matings with untreated fe- 
males; sterility was due to a lack of 
spermatozoa in the testes. A few months 
later Frieben (49) reported that the semi- 
niferous tubules were reduced in size, and 
that the lumina of the tubules often con- 
tained loose ceHs in a state of degenera- 
tion; there was an entire lack of mitoses 
in the ceils of the tubules. 

Brown and Osgood (30) reported that 
the mere presence of men in an X-ray 
room, either as operators or helpers, led to 
an azoospermic condition. Phillip (138) 
similarly reports that X-rays cause steril- 
ity in men. One, a tuberculous individ- 
ual, voluntarily submitted to daily ex- 


posures of from ten to fifteen minutes for 
thirty days . Whereas motile spermatozoa 
were obtained for a considerable time after 
the beginning of the exposures it was 
found at the end that the testes were 
entirely devoid of spermatozoa (hyper- 
dermic syringe sample); under the limits of 
the observation the individual reported no 
diminution in sexual capacity, despite his 
sterility. In 1904 and 1905 Bergoine and 
Tribondeau noted that X-rayed testes of 
the white rat were rendered superficially 
translucent, and that fluids issued from 
any cut surface of the organ. Later this 
edematous condition disappeared and the 
seminiferous tubules were found to lack 
a germinal epithelium, or at most 
contained only a few spermatogonia. 
The degree of destruction in the testis 
was roughly proportional to the X-ray 
dosage. 

These writers noted a high degree of 
selectivity of the X-rays for the germinal 
portion of the gonad and that Sertoli 
cells appeared unaffected; the latter were 
not only present after all germ cells had 
been eliminated but were increased 
in number through amitotic divisions. 
They state that Sertoli cells may thus 
multiply and increase in number but are 
incapable of producing cells of the ger- 
minal line. Three months after the last 
exposure to X-rays they were unable to 
find any germinal cells in the testis; the 
interstitial cells were overabundant. They 
believe the X-rays act upon the individual 
cells directly; that rapidly dividing cells 
are more easily affected; and that sperma- 
tozoa are unchanged by such exposures. 
Indeed they determined that human sper- 
matozoa exposed directly to the rays for 
thirty minutes suffered neither change in 
form nor loss of motility. A single 
exposure of the rat testis was sufficient 
to render the animal sterile. 

Villemin (1915) confirmed the main 
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contributions of Bergoine and Tribondeau. 
Guinea pig testes exposed to X-rays suf- 
fered complete destruction of the seminal 
tissue but interstitial cells were unaffected; 
such animals retained their sexual ardor. 
Villemin determined that a smaller dosage 
was followed within three and one-half 
months by regeneration of the testis 
and production of spermatozoa. He 
maintained that as long as spermatogonial 
cells remained in the degenerate testes 
recovery of normal function was possible, 
but without spermatogonia no recovery 
could take place; Sertoli cells were in- 
capable of producing the cells of the 
seminal line. 

In a series of papers Regaud and Blanc 
(145), Regaud and Dubreuil, (146, 147) 
Regaud and Nogier (148), the earlier 
studies on X-ray effects on the testis were 
confirmed and extended. Exposures of 
young rabbit testes before differentiation 
did not subsequently alter testicular de- 
velopment, whereas in the differentiated 
testis complete sterility was produced; 
but despite sterility there was no diminu- 
tion in sexual ardor. Those receiving 
X-ray exposures copulate and at first 
discharge motile spermatozoa, but these 
appear incapable of fertilizing ova; later, 
spermatozoa were absent from the semen. 

Subsequent X-ray work on the testicle 
by Harvey (67) Herxheimer and Hofmann 
(71) Wakelin Barratt and Arnold (199), 
Hewer (yx), and Ancel and Bouin (4) 
give added confirmation of the selective, 
destructive action on the germinal portion 
of the testes. Simmonds (171) determined 
that mesothorium acts similar to X-rays. 
Wakelin Barratt and Arnold describe 
intimate changes in the individual cells 
following exposure. All workers are in 
agreement that selectivity is the out- 
standing event. Cells of the seminal line 
show no changes for the first twenty-four 
hours after exposure; subsequently the 


protoplasm becomes somewhat cloudy 
and approaches a general aspect of coagu- 
lation; nuclei, especially those in mitosis, 
show many abnormalities. In general 
two different types of disposition of the 
germinal tissue is observed. First there 
is a local cytolysis of cells in situ leading 
to a liquefaction of material and the 
consequent vacuolated appearance of the 
epithelium. The products of cell cytoiy- 
sis are absorbed into the blood stream. 
Accompanying this condition there is a 
second one in which many or most of the 
remaining cells are sloughed into the 
lumen of the tubule. Such masses of 
material contain cells little modified, 
cells showing degeneration changes, and 
a considerable mass of debris from cells 
that have undergone partial solution or 
fragmentation. Some of the ceils thrown 
out into the lumen may be carried into 
the epididymis where their further de- 
generation and absorption can be fol- 
lowed. 

The type of behavior in the X-rayed, 
degenerate testes is highly similar to the 
type of degeneration encountered in testes 
confined in the abdomen* Cell changes, 
the local cytolysis, sloughing into tu- 
bules, transportation into the epididymis, 
the retention of spermatozoa in the vas 
deferens are all common conditions in 
degeneration from the two different causal 
agents. The selective action on the 
seminal line and the retention of Sertoli 
cells and interstitial elements are common 
to the two types. Shrinkage of the 
seminiferous tubules and 'the apparent 
interstitial hypertrophy arc entirdy simi- 
lar. Finally the powers of recuperation 
of the testes from spermatogonia! ele- 
ments gives a series of conditions that 
would make it almost impossible in a 
study of degeneration to decide between 
the two causal agents. These similarities 
force themselves on our attention as well 
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as the fact that the real causal effect in 
each case is not apparent. We know 
neither the ultimate cause of degeneration 
as produced through testis elevation to 
the abdomen or the external application of 
higher than normal temperatures, nor 
the actual ways in which X-rays produce 
their effects. It may ultimately be proven 
that the similarities are more than super- 
ficial and that the two causal agents may 
have a fundamentally similar action upon 
the protoplasm of this labile tissue. 

VII. HYPERSENSITIVE REACTIONS IN THE 
TESTICLE 

An interesting testicular reaction but 
recently discovered, and bearing so great, 
a similarity to reactions heretofore con- 
sidered, is that used by E. R. Long and 
his student. Long (97) determined that 
guinea pigs experimentally infected with 
tuberculosis of mild virulence intraperi- 
toneally or in the axilla, twenty days or 
longer, show a most striking reaction 
when one testis is reinoculated with 
tubercle bacilli. Within twenty-four 
hours the inoculated testicle becomes 
swollen and extremely hyperemic and 
edematous. Sectioned, the testicle shows 
marks of degeneration of the germinal 
tissue and within one month practically 
ail germinal cells are destroyed. The 
opposite uninjected testicle, or an injected 
testicle in a nontuberculous animal, does 
not exhibit the inflammatory reaction or 
degeneration. * Carrying the observations 
farther Long s|iowed that intra-testicular 
injecti^ons of tuberculin (o.oi cc. O.T.) in- 
to previously mildly infected animals was 
similarly followed within twenty-four 
hours by great swelling, edema, hyper- 
emia, and early sloughing of the germinal 
portion of the seminiferous tubules; with- 
in four weeks after such injections all 
germinal cells with the possible exception 
of spermatogonia have been removed from 


the organ. Along with the tubular 

degeneration “ the interstitial cells 

(of Leydig) have proliferated in a striking 
manner.” “At this period (2.4 hrs.), 
when the testicle of the previously in- 
fected guinea pig is so highly inflammed, 
the testicle of the nonlnfected one shows 
little or no change either grossly or 
microscopically. Tuberculin, so destruc- 
tive to the testicle of the infected guinea 
pig, is absolutely nontoxic for the testicle 
of the normal animal.” Spermatocytes 
and spermatids appeared the more sus- 
ceptible, spermatogonia and spermatozoa 
more resistant. Similar reactions to other 
hypersensitizing agents are reported by 
Long and Seyfarth (98) and Seyfarth (168). 

In these conditions it is clear that we are 
not dealing with a primary infection in 
the organ but with a reaction between sub- 
stances produced in an organism from an 
infection and some substance of an anti- 
body nature. The reaction produced be- 
tween the two substances is therefore to 
be considered the causal factor in destruc- 
tion of the germinal elements. Since 
the marked inflammatory reaction occurs 
within such a short time it appears that 
we may have to deal again with a tem- 
perature factor. 

VIII. TESTICULAR REACTIONS UNDER OTHER 
CONDITIONS 

Sickness. It has been known at least 
since 1882. that often the testes become 
aspermatic in certain types of illness 
whereas in other types, even chronic 
conditions, the spermatogenetic function 
may continue unimpared. Busch (31) 
reported on the spermatozoon condition 
of the testes of one hundred autopsy cases. 
In all cases of sudden death, whether 
through accident or suicide, the testes 
were found to contain spermatozoa. In 
acute cases (not over four weeks duration 
of sickness) 15 per cent showed a lack of 
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Spermatozoa, whereas in longer sicknesses 
(complicated pulmonary infections, pneu- 
monia, etc.), 31 pe^* cent of cases lacked 
spermatozoa in the testes. Hansemann 
( 68 ) studied the testis of human autopsy 
cases and determined that often the testes 
have been deprived entirely or partially of 
the germinal portion following pneumonia 
and typhus fever; in tuberculosis certain 
lesions may produce localized destruction 
but in the unimpaired portions spermato- 
genesis has continued. Cordes (38) ex- 
amined the testes from human atutopsies 
after common diseases such as pneumonia, 
scarlatina, peritonitis, meningitis, etc. 
Many of those dead of relatively rapid 
pneumonia or other febrile conditions 
lacked spermatozoa but retained a fairly 
well defined germinal epithelium. In 
general, the longer duration of the com- 
mon diseases was accompanied by the 
greater testicular degeneration; in many 
cases there was complete loss of the germi- 
nal cell line with the possible exception of 
a few scattered spermatogonia. Mills 
(no) and Wolbach (an) studied testes 
obtained from autopsy of army recruits 
dead in camp from influenza and pneu- 
monia. Mills in particular follows out as 
closely as he was able the correspondence 
of the testicular condition and the type of 
affliction; many of the cases were com- 
plicated with measles, epidemic influ- 
enza, etc. but he states that “roughly 
the severity of the injury corresponds 
directly with the duration of the pneu- 
monia as closely as with any other single 
variable factor,” The injury noted con- 
sisted of the disappearance of various 
cells in the epithelium of the seminiferous 
tubules, sloughing of the epithelium into 
the lumen with cellular destruction, and 
in more severe cases all germinal cells 
except spermatogonia had been removed 
from the tubules. Mills makes a futile 
attempt to correlate the different types of 


degeneration with a common cause such 
as pure infections, complications, dura- 
rion of infection, or with the infectious 
organism involved, and comes to the con- 
clusion that “In the absence of definitive 
evidence to the contrary, t}ie cause is 
assumed to be circulating toxins . . . 

At the time of this writing the effects of 
higher temperatures in causing rapid 
degeneration of a similar nature in per- 
fectly healthy testes was not known. 
It appears highly probable, from our 
experiments with higher temperatures, 
that the mere febrile condition alone 
is sufficient to produce all the types and 
grades of degeneration described. This 
appears all the more probable in view of 
the close correlation between the duration 
and the state of degeneration; rapidly fatal 
infections are in general correlated with 
testicular injury of a lesser grade than In 
more prolonged sicknesses. It is believed 
that this common explanation (high 
temperatures) for so many diilerenc cases 
of germinal epithelium destruction can be 
invoked here as the real cause of testicular 
degeneration following febrile sickness. 
It is well known that patients recovering 
from severe and prolonged fevers of differ- 
ent kinds are not rendered permanently 
sterile. This is in keeping with the 
general findings that where spermato- 
gonial cells survive the destructive effects, 
complete regeneration of the testes follow. 

Alcohol, It has been shown in many cases 
that the germinal tissue of the ccstidc of 
man and experimental ai^imais is very 
susceptible torinjury by alcohol when no 
perceptible injury is detectable in other 
organs of the body. Busch (31) noted 
that confirmed drunkards often showed a 
diminished amount of spermatozoa or an 
entire absence of them, particularily so 
when alcoholism was accompanied by 
cirrhosis of the liver. Simmonds (170) 
found an azoospcrmic condition one 
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hundred and twenty-five times among one 
thousand human autopsies. Of this num- 
ber 7 per cent were cancerous, 14 per cent 
afflicted with chronic nervous disturbances, 
iS per cent with phthisis, and 60 per cent 
were chronic alcoholics. He determined 
that among all autopsied human males 
there was a greater number sterile from 
the use of alcohol than from venereal 
diseases. Bertholet (16), and Weichsel- 
baum and Kyrle (2.00) likewise show that 
testes of chronic alcoholics are degenerate; 
histologically different grades of injury 
have been illustrated by the latter writers. 
Degeneration from the use of alcohol is 
quite similar to the type found after 
elevation of temperature; spermatocytes 
and spermatids are often found loose in 
the lumen of the seminiferous tubule 
undergoing degeneration. Other tubules 
have been described as consisting of a 
vacuolated epithelium apparently caused 
by degeneration and liquefaction of cells 
locally in the meshes of the Sertoli 
reticulum. More severe injury involves 
all germinal cells with the exception of 
a few spermatogonia. Bertholet found 
that only two men out of thirty-nine 
habitual drunkards autopsied failed to 
show some degree of testicular degenera- 
tion. 

The interstitial cells in alcoholic de- 
generation have been described as hyper- 
trophied and in some cases as little 
changed. In general the testes are some- 
what more fitm and usually slightly 
smaller than oprmal. The seminiferous 
tubules, are offten of smaller diameter than 
normal ones. 

Bouin and Gamer (i6), Arlitt and 
, Wells (5), Allen (3) and Kostitch (79) 
have determined that feeding alcohol to 
normal rats causes the testes to show 
degeneration changes. There is a general 
agreement ■ among these writers that 
degeneration follows in the reverse order 


of production of the different elements of 
the germinal line; thus spermatozoa are 
often absent from testes that contain a 
fairly normal germinal epithelium. More 
severe injury is to be associated with both 
a sloughing of the spermatocytes and 
spermatids into the lumen, or a local 
cytolysis in situ and the consequent 
vacuolated condition of the Sertoli syncy- 
tium. The usual condition, perhaps, is 
to find some spermatogonia that appar- 
ently have not been affected. 

With experimental alcoholism, as in 
chronic alcoholism in the human, the 
interstitial tissue is reported both .as 
greatly hypertrophied and as practically 
normal. 

Under the influence of alcohol, there- 
fore, we find testicular degeneration of 
similar grades to those effected by high 
temperatures. It is a question whether 
there is any relation between the action of 
the causal agents in the two conditions 
but each serves to emphasize the labile 
nature of the cells of the reproductive line. 
The possibility of regeneration from 
uninjured spermatogonia is likewise com- 
mon to the two conditions. 

Dietary deficiencies. Allen (3) studied 
the testes of albino rats reared on a diet 
deficient in the water soluble vitamine 
(Osborne and Mendel). Rats that were 
otherwise normal had experienced degen- 
eration of their germinal tissues. A 
usual condition was to find an entire lack 
of spermatozoa but in some of the animals 
the effects had been so severe that all cells 
of the germinal line have been reported 
absent, the seminiferous tubules contain- 
ing only the Sertoli reticulum. At times 
the interstitial tissue was increased and 
in other testes approximately normal. 

Mason (107) studied the testes of white 
rats after feeding with a basic diet suffi- 
cient to maintain a normal growth curve 
and good health of the colony. After the 
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attainment of sexual maturity male rats 
fed on the diet experienced a progressive 
degeneration of the germinal tissues. 
Spermatozoa were the first cells affected 
and these were followed in turn by sperma- 
tids and spermatocytes . Usually the sper- 
matogonia were retained along with the 
Sertoli tissue. The interstitial cells ap- 
peared to remain normal. When to the 
stock diet, a small amount of lettuce was 
added the testes were unaffected. Mason 
consideres the cause of degeneration to be a 
lack of Vitamine X (Evans and Bishop). 
He states that recovery from degeneration 
does not follow within seventy-five days 
after placing the animals on a normal diet. 
If spermatogonia are present, however, 
and uninjured, it would appear from other 
considerations that recovery should follow 
on return to normal diets. 

We see therefore that the testis, in 
reference to its germ cell differentiating 
capacity, is an extremely sensitive organ. 
Many other conditions, not considered 
here, would only serve to emphasize its 
labile nature. There is yet much to be 
learned in its biology but it is evident 
that considerable progress has been made. 
Cross currents in the advance of our 
knowledge concerning the gametogenetic 
function are confusing but having con- 
sidered a few of the major trends in this 
. advancement we now come to consider 
the testis as an organ of internal secretion. 

IX. IlSTTERNAL SECRETION OF THE TESTIS 

General considerations. It has been 
thoroughly appreciated for centuries that 
removal of the testicle from man or ani- 
mals has an effect upon the entire or- 
ganism. The present day custom of 
castrating domestic animals is an old one, 
and the Eunuch is referred to in biblical 
literature. It is clear that in general the 
testicle exerts some influence upon the 
character of the animal that leads to the 


production of a more or less well defined 
masculine type. In domestic animals this 
is at times indicated by characteristic 
body form; in some ruminants horn 
growth is a specific male character. In 
man body form is not always clearly 
indicative of masculinity, but certain 
skeletal structures such as the pelvis is 
usually quite specific in form; growth of 
the larynx and the attendant coarseness 
of voice is relatively diagnostic; hair 
tracts on the body of man differ to some 
extent from those of woman, and within 
somewhat narrower limits the growth of 
beard and mustache on the face. The 
entire accessory organs of reproduction 
in the male are dependent upon the 
testis for their complete development; 
penis, seminal vesicles (where present) 
vas deferens, and prostate remain charac- 
teristically infantile when the testes have 
been removed at an early period in life. 
In both man and animals testis removal 
has been held to favor growth in length of 
the long bones (69, 141, 167, 186) due 
to delay in ossification of the epiphyses; 
many cases of overgrowth of bones fol- 
lowing castration have been re|x>rted but 
in the guinea pig such differences if present 
at all are minimal (117). Finally the 
psychic nature or the attitude of the male 
to the female in both man and animals 
appears to be quite largely conditioned 
by the sex glands, though it appears to be 
a question whether they arc wholly de- 
pendent upon testicular inllucnccs. It 
may be suggested that in attempting to 
define the testicular influence upon both 
somatic and psychical characteristics many 
writers have allowed their ardor to carry 
them into dangerous territory and have , 
added confusion to the problems rather 
than restoring order. 

Steinach (177 to 183) in his celebrated 
work of hormone analysis in rats and 
guinea pigs has used as indicators of 
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masculinity certain types of hair coat, fat 
deposition, size, weight, and the psychi- 
cal nature. Moore (iii, 115, 116, 117) 
has criticised these criteria on the grounds 
that they are not sufficiently diagnostic 
to enable one to choose between normal 
males and females in a mixed colony, and 
are therefore questionable indicators of 
sex. Such characters as are not sufficiently 
well defined or characteristic are dan- 
gerous implements with which to attempt 
to advance our knowledge of the internal 
secretion of the sex glands. 

Such misleading applications of ques- 
tionable indices is nowhere more apparent 
than in the clinical literature concerning 
sex and the effects of supposedly remedial 
operations such as vasectomy and testis 
transplantation. For the purpose, one 
may assume that a man of fifty-five to 
sixty years of age is prematurely senile 
due to slowing down of the activity of 
his sexual apparatus; cases are on record 
where lack of spermatozoa in the semen 
is considered adequate proof of senility. 
Under these conditions hospitalization 
embodying rest and excellent care, com- 
bined with a vas deferens ligation, or a 
testis transplantation, and plenty of sug- 
gestion and anticipation, have produced 
most remarkable results particularily in 
reference to the reassumption of sex in- 
clinations; spermatozoa may again be 
found in the semen. Busch (31) in i88i 
points out that of eighty years may 
possess functional testes producing sperma- 
tozoa and likewise men above ninety 
years. “Many conditions may lead to a 
temporary azoospermy but as long as 
spermatogonia remain capable of activity 
the entire seminal line can undoubtedly 
be restored if the unfavorable causes, 
whether mental or physical, be removed. 
Rest, good care and psychology work 
wonders along with, perhaps, a harmless 
operation, but the operation is all too of- 


Castration in man undoubtedly has a 
great psychical effect upon the individual 
but certain observations if rightly con- 
sidered should temper our conclusions that 
the entire psychical reaction is condi- 
tioned by substances poured into the body 
from a testis or a graft. In 1801 Sir 
Astley Cooper (39) removed the second 
testis from a man semicastrated two years 
earlier. Cooper following this case for 
twenty-nine years, reports the patient 
experiencing an emission on the third 
night after operation. Similar observa- 
tions have been reported following testis 
transplantation with the implications that 
the effects of the testis transplant have this 
early become detectable. During the 
first year after total castration Cooper’s 
patient experienced emissions in coitus. 
Two years after operation erections were 
strong but relatively transient. A general 
decline was noted, but twenty-eight years 
after the removal of both testes erections 
were experienced as well as erotic dreams 
and sensations of emissions. It is like- 
wise instructive to follow the reports on 
the psychical nature of the Skopecs 
studied by Tandler and Grosz (186, 187, 
188). This religious sect, practicing cas- 
tration of young males, are in general of 
two types: one grows to excessive height 
and are lean individuals whereas the sec- 
ond is characterized by excessive fat 
deposition. The voice is characteristically 
boyish and it is well known that many 
famous male choirs and soloists are in- 
dividuals castrated for the purpose of 
producing a voice of a particular caliber. 
These Skopecs, according to Tandler and 
Grosz, appear to be a long lived group of 
people, which would appear to minimize 
the contentions of certain rejuvenation 
advocates that the life of an animal can be 
prolonged by vasectomy or testis trans- 
plantation. Like Cooper, Tandler and 
Grosz maintain that sexual desire is not 
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They report one individual totally cas- 
trated for twenty-one years, as exercising 
coitus almost daily and with slight emis- 
sions, Erections were strong but not 
greatly prolonged. It is likewise reported 
that those upon whom the “Great opera- 
tion” had been done (removal of both 
testes and penis) often find pleasureable 
associations with females and actually 
experience a type of sexual orgasm. 

From such considerations, therefore, it 
would appear that conclusions from opera- 
tion on men have not always been stated 
with caution and much of the literature 
dealing with the effects of sex gland 
manipulations cannot be highly regarded. 

Work on the effectiveness of sex glands 
in the experimental animal is likewise 
often misleading because of a lack of 
appreciation of the limitations of indices 
employed to grade the efiectiveness. It is 
usually considered that a male animal 
shows no inclination towards females after 
the removal of its testes, but Moore (iifi) 
reported castrated male guinea pigs carry- 
ing ovarian grafts sufficiently efiective to 
modify the mammae of the male, still 
acting strongly the part of the male. 
Indeed he has observed male guinea pigs 
castrated at thirty days of age that con- 
tinued to show strong male reactions in the 
presence of females for sixteen months; 
the male sex call, pursuit and attempts at 
mounting the female were so positive that 
the animal was employed as a test animal 
to detect females in heat. 

Source of the internal secretion. Admitted 
that the testis does exercise an influence 
upon the organism that results in the 
production of the specific male characteris- 
tics, the attention of many workers has 
been directed toward the localization of 
the source of such an internal secretion. 

The work of Berthold (17) gives a 
starting point in such analyses. He 
determined in the bird that the testis 


could prevent the animal from becoming a 
capon after its removal from the normal to 
a foreign position if it became vascularized 
and persisted; the testis placed in the 
abdomen and supplied by blood vessels 
from the intestine kept the cock normal 
for some months whereas complete re- 
moval produced a capon. He believed 
the active principle involved was a sub- 
stance liberated into the blood stream 
that exerted a gradual influence over the 
entire body and that nervous transmission 
from the testes was not involved. 

It was perhaps logical to consider that 
the generative portion of the testis was 
responsible for the production and main- 
tenance of the secondary sex characters as 
well as for the production of mature germ 
cells. Brown-Sequard (31) on the as- 
sumption that an active functional testis 
was responsible for the health and vigor of 
the young, injected subcutaneously into 
himself an extract made from the young 
testis of dogs and rabbits. At the begin- 
ning, a very feeble old man, he believed 
that he derived great benefits from such 
injections. He maintained that his muscu- 
lar strength, vitality and youthful ire were 
stimulated and that he was able to con- 
tinue his scientific work for many years 
longer than he otherwise would have 
been capable. 

It was appreciated long before this time, 
however, that man and animals with 
undescended testes retained their virility 
despite the consequent sterility (Goubaux 
and Foilin (57), Godard: (54), Monod 
and Arthaud (in)). Griffiths (59) is 
remarkably clear in calling attention to 
the fact that the general influence of the 
testis on the animal is entirely inde- 
pendent of its spermatozoon producing 
capacity. 

Leydig (86), in his comparative ana- 
tomy studies on the different mammalian 
testes, described for the first time certain 
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large cells coataining fatty spherules and 
pigment, as a constant occurrence in the 
connective tissue stroma between the 
seminiferous tubules. The significance of 
these cells, commonly known as the in- 
terstitial cells of Leydig has been a point of 
contention for many decades (Jacobson, 
Lubarsch, Reinke, Stieda, Plato, von 
Lenhossek, Bouin and Ancel, Felizet and 
Braca, Regaud and Policard, etc.). 
These cells have been studied in a large 
number of mammals and though a con- 
stant feature of the testis they have been 
found to vary greatly in amount, distribu- 
tion, and types of cellular inclusions. They 
appear in relatively large quantities in the 
embryonic testis, in apparently diminished 
quantities as the testis develops, but pres- 
ent throughout life, and again somewhat 
more numerous in an old animal, or man 
(Plato, Bouin and Ancel, Kasai, Allen, 
Whitehead). 

Among the older writers some were of 
the opinion that the interstitial cells 
represented merely an embryonic rudiment 
left in the testis during its formation and 
had no other significance, but later work- 
er came to view the elements as modified 
connective tissue cells having some partic- 
ular functional significance. Von Ebner 
observed that the enclosed pigment was 
more pronounced in older than in younger 
animals. Jacobson (76) noted that in 
pathological conditions the interstitial 
cells were apparently increased in amount 
while Hansemann (68), in the hibernating 
marmot, noted xhat Leydig cells were not 
in evidence but that two months after 
hibernation the testis presented the picture 
of a sarcoma due to the tremendous in- 
crease in the amount of Leydig cells; 
under pathological conditions, likewise, 
he noted great variation in the amount of 
these cells. 

In attempting to determine the signifi- 
cance of the interstitial cells the current 


ideas of the time centered around the con- 
ception of the Leydig cells as a trophic 
organ responsible for the nutritional re- 
quirements of the generative tissue of the 
testicle. Plato (139, 140) representing 
this type of opinion, believed that these 
cells, located between the blood vessels 
and the seminiferous tubules, extracted 
materials from the circulation, elaborated 
the fat and pigment (which in general he 
considers only difieient phases of the same 
process) and passed these substances 
through the basement membrane into the 
seminiferous tubules were he attempted to 
trace their distribution from the Sertoli 
cells to the different ceils of the germinal 
line. He figures small caniliculi through 
the basement membrane containing a 
stream of the elaborated material from 
Leydig cells into the tubules. 

A year earlier Reinke (150) described 
elongated, blunt, crystalloid rods in the 
interstitial cells of a tuberculous human 
testicle. These he found in normal human 
testes from the fifteenth to the sixty- 
fifth year and believed they represented 
the elaborated products of the cells. He 
believed the Leydig cells secreted these 
bodies and from materials detected in the 
lymphatics concluded that the materials 
were discharged into these channels, 
mildly suggesting that they might repre- 
sent a product having to do with the 
sexual ardor of the male. 

Many different inclusions such as acido- 
phile and basophile granules, crystalloids, 
fatty spherules, different pigments and 
other types of stained materials have been 
described from different mammalian testes 
and at least until 1903 the general opinion 
was held that these substances represented 
the secreted products destined for nutrition 
of the seminal portion of the testis. 

In 1903 Bouin and Ancel after an 
elaborate histological, cytological and 
experimental group of researches brought 
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forward a new point of view regarding 
the significance of the interstitial cells 
that has stimulated renewed interest in 
the entire field of sexual biology. Their 
own detailed cytological studies (ii) and 
those of their predecessors appeared to 
establish beyond all doubt that the inter- 
stitial cells were glandular in nature and 
function. Admitting, with many of their 
colleagues and predecessors, the proba- 
bility that the secretion products of these 
cells were nutritive substances for the 
germinal cells, they believed that all of it 
was not so utilized and that fundamentally 
the interstitial portion and the generative 
portion of the testis are independent 
tissues. They point out: (i) that the 
interstitial cells are to be found in inten- 
sive secretory activity long before the 
activity of the germinal portion is initi- 
ated. (i) This interstitial tissue is present 
throughout life in all mammals, and is of 
a common secretory type though differing 
in minor details as to inclusions. (3) 
After the germinal portion has ceased to 
be active in old animals the interstitial 
cells continues to secrete. (4) They be- 
lieve that the primary distribution of the 
Leydig cells is around blood vessels rather 
than in close opposition to the basement 
membrane of the tubules. They trace 
secretory products discharged into the 
lymphatics rather than into the semini- 
ferous tubules. (5) In cryptorchid testes 
there is no germinal tissue whereas 
Leydig cells are present in an overabun- 
dance and actively secreting. (6) After 
certain diseases the generative portion has 
suffered degeneration but intersitial cells 
are retained and are actively secreting. 
(7) They maintain that occluding the 
vas deferens causes a loss of all the genera- 
tive portion of the testis but a retention, 
perhaps an increase, of interstitial tissue. 

From these and other considerations 
they argue that since there is no inter- 


dependence between the interstitial tissue 
and the germinal tissue, and that since 
an animal may loose ail its generative 
portion without showing any signs of 
castration, there must be other tissues in 
the testis than the germinal line that are 
responsible for the maintenance of the 
secondary sex characters. Their histo- 
logical and cytological studies fiiied to 
show any secretory activity in portions of 
the testis other than the interstitial cells 
and they therefore conclude that the 
interstitial cells manufacture a substance 
that is poured into the general circula- 
tion — and internal secretion — ^which is 
responsible not only for the production of 
the secondary sex characteristics but at 
the same time for their maintenance; the 
aggregate features of malencss are there- 
fore conditioned by the secretions from 
interstitial cells alone and this function is 
separate from, and independent of, the 
production of germ cells. We now know 
that their conception of the effects of vas 
deferens occlusion were wrong (see sec- 
tion III) but the fact remains that by 
whatever means the condition is brought 
about, an animal will retain its morpho- 
logical secondary sex characteristics and 
its sexual ardor in the absence of at least 
ail ceils of the germinal line with the 
possible exception of spermatogonia. 

The internal secretory activity of the 
interstitial cells had been mildly sug- 
gested by earlier workers (Reinke (150), 
Regau and Policard (149)) but it remained 
for Bouin and Ancel to d-evelop the idea 
into a well formed hypothesis. Extend- 
ing the conception by experimental and 
morphological studies (14, 15) they have 
attempted to correlate the amount of - 
interstitial tissue with graded sex differ- 
entiation. Thus by removal of a normal 
testis from the pig, with one testis re- 
tained in the abdomen, they believed it 
demonstrated that the interstitial tissue 
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of the remaining testis undergoes a com- 
pensatory hypertrophy — an approximate 
doubling in amount of interstitial tissue — 
to restore the loss conditioned by removal 
of the descended testis. In cryptorchid 
pigs they make an attempt to correlate 
degrees of differentiation of the reproduc- 
tive system and the interstitial cell con- 
tent of the testes. They, furthermore, 
carry the conception to the extent of 
making the interstitial cells responsible 
for the determination of the sex of the 
primordial germ cells, 

A tremendous stimulus to the concep- 
tion of the interstitial tissue as the internal 
secretory portion of the testis was given 
six years later by Steinach (177 to 183). 
The work also of Sand (157 to 164) and 
Lipschutz and his students (91 to 95) has 
added a great deal of confirmatory evi- 
dence and new observations. 

Steinach studied principally the effects 
of castration and subsequent gonad trans- 
plantation in both sexes of the rat and 
guinea pig, and the effects of ligation of the 
vas deferens in the male. He showed 
that castrated males in which testis 
grafts had been growing retained all their 
secondary sex characters instead of re- 
verting to merely castrated animals. 
Since the graft tissue consisted primarily of 
Leydig cells he considers these to be the 
source of the sex hormones; these cells 
were not only retained but were believed 
to have undergone a compensatory hyper- 
trophy. The seminiferous tubules were 
always degenerate and contained only the 
Sertoli reticulum; cells of the generative 
line were always lacking. Similarily, in 
ligating the vas deferens, Steinach re- 
ported that the generative portion suffered 
degeneration and in some manner the 
operation stimulated increased develop- 
ment of Leydig cells. These cells, be- 
lieved thus to produce an excess of hor- 
mone, were then indirectly responsible 


for stimulating the entire organistn and, 
according to his account, the testes of 
senile animals previously devoid of germ 
cells would again become active and a 
renewed germinal cell activity would fol- 
low. The animal was believed to have 
been rejuvenated, thus becoming a younger 
animal in all its characteristics. Such 
• operations, largely due to Steinach’ s 
reports, are now being employed as 
remedial measures both on experimental 
animals and on man (Steinach (183) Sand 
(163), Benjamin (11)). The experimental 
work of Sand is largely confirmative of 
Bouin and Ancel and Steinach. He main- 
tains, with Bouin and Ancel, that uni- 
lateral castration causes compensatory 
hypertrophy of Leydig cells in (experi- 
mental) cryptorchid testes. 

The experimental work of these biolo- 
gists stimulated anew the study of the 
histological structure of Leydig cells with 
attempts to find the specific secretory 
products. Whitehead (loi to 108) has 
described many types of apparent secretory 
products in Leydig cells of different mam- 
mals. Fatty granules or vacuoles appear 
in most testes but in a few the fatty 
material is almost wholly absent. Pig- 
ment materials of many varieties have 
been noted and granules of a protein 
nature as well as crystalloids have again 
been brought to our attention. Wagner 
(197) has recently reviewed the literature 
and added observations to this field of 
work. He is convinced that the cells 
are secretory and that the products can 
be traced into the lymphatics; he believes 
the individual cell is not destroyed in 
liberating the secretory products (see also 
Cejka C34)). 

Added correlation between hormones 
and interstitial cells is found in the study 
of the free-martin by Lillie and his 
students (88, 89, 90, 7, 36, 2.16). The 
free-martin (a female calf cotwin with a 
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male) is modified sexually when by a 
fusion of the embryonic membranes an 
intermixture of blood, from the male and 
the female in utero, is permitted. The 
effective modification is detectable at an 
early stage and has been found to be effec- 
tive just after the appearance of Leydig 
cells in the embryonic testis (Lillie and 
Bascom (90) Bascom (7)). The effective- 
ness of the modification is so great that a 
determined female may be caused to pro- 
duce testes out of undifferentiated ovaries 
(Lillie, Chapin, Willier, Bissonnette). 

Thus there has developed a relatively 
strong case in favor of the interstitial 
cells as the source of the internal secretion, 
or hormone, of the mammalian testis (the 
case is somewhat similar in other verte- 
brates). But if we examine critically the 
main points of contention it will become 
apparent that the question is by no means 
definitely settled. 

I. The experiments on vas deferens 
ligation (see section III) from the mor- 
phological side may now be ruled out. 
It has been bountifully shown that occlu- 
sion of the vas deferens in the dog, guinea 
pig, rat, rabbit, sheep, cat, pig and man 
causes neither degeneration of the genera- 
tive portion of the testis nor hypertrophy 
of the interstitial cells. What, then, of 
rejuvenation by this means (Steinach, 
Sand, Haire, Schmidt, Benjamin)? 

The criteria employed in experimental 
animals are of such a nature and so varia- 
ble among individuals as a whole that it is 
capable (by selection) of being applied 
either for or against the hypothesis; 
and certainly it is selection to choose two 
positive cases of degeneration as against 
thirteen negative cases and yet hold that 
the operation gives positive effects (159). 
Among animals there may appear certain 
lassitude, loss of hair, sex disinclination, 
loss of weight and combative ability in old 
age but it is not so clear that such condi- 


tions are due to lack of sex hormones. 
This is all the more confusing for the 
hypothesis when so many have stated 
that interstitial cells are much more 
abundant in testes of old animals and man. 
The same decrepit indicators occur many 
times in males, of animal colonies with 
both testes present, that are much younger 
than the average sex life of the animal. 
Good care and particular attention often 
restores such animals to sleek coated 
vigorous animals. In short, nutritional 
disturbances, parasitism, and general in- 
fection may produce these symptoms. 
Steinach himself has discussed the inherent 
difficulties of properly judging an animal 
a fit candidate for rejuvenation. In man, 
likewise, some of the most remarkable 
effects of rejuvenation through vas deferens 
ligation have been reported on individuals 
under fifty years of age (see Haire (63), 
Schmidt (166)) whereas many men are 
sexually active for much longer periods 
(see Busch ’Sz). It is merely granting an 
assumption to accept the statement that 
such individuals are prematurely senile due 
to a dimunition of their testicular secre- 
tions. No one has' yet proven that an 
individual castrated early in life is shorter- 
lived or more decrepit than a man in 
possession of his testes. Indeed Tandicr 
and Grosz (187, 188) maintain that the 
Skopecs are a long-lived group of people. 

It is unnecessary to enter into a discus- 
sion of the effects of suggestion and 
psychology in general, on matters relating 
to sex in the human indivfdual. It is a 
condition of mental attitude which in our 
modem civilization is useless as a qualita- 
tive or quantitative indicator of effective- 
ness of operative procedures (see section 
IV). Vasectomy, as a remedial, reju- 
venating procedure has failed to justify 
its utilization. Moreover the very basis 
of the conception has been proven false, 
z. Compensatory hypertrophy of the 
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Interstitial cells has been one of the chief 
objective conditions that has led to the 
contention that in this tissue resides the 
source of the internal secretions of the 
testis. Bouin and Ancel note an apparent 
doubling of this tissue in a unilateral 
cryptorchid testis if the opposite one had 
been removed earlier. They believe this 
increase compensated for that lost in 
removal. Steinach claims that hyper- 
trophy occurs in all testis grafts. Prac- 
tically all writers on cryptorchid tests 
maintain that this tissue has been in- 
creased. We may therefore inquire, first, 
whether compensation is necessary and the 
tissue reactions of any significance from 
the internal secretory viewpoint and, 
second, whether there is an actual hyper- 
trophy of the Leydig ceils. 

It is well known that the loss of one 
testis leads to no diminution of the 
secondary sexual characteristics in ani- 
mals or man. Dspite the contentions of 
earlier writers that a single remaining 
testis does become larger than normal 
Lipschutz (31) holds that attainment of 
ultimate size is only more rapid and that 
in the end neither generative nor intersti- 
tial parts are in any way increased above 
the normal. Furthermore Lipschutz and 
his coworkers (95) have proven that i 
per cent of the normal testicular mass is 
sufiicient to maintain all the secondary 
sexual characteristics. These facts lead 
one to question the significance usually 
attributed to the compensatory hyper- 
trophy where *such a condition actually 
follows in single or double cryptorchid 
testes. If I per cent of the normal testicu- 
lar mass is all sufficient for the animals’ 
need, of what significance is interstitial 
cell hypertrophy m each of two complete 
testes that have remained in the abdomen! 

Hypertrophy of Leydig cells has been 
held to exist in cryptorchid testes, cases 
of obliterated vas deferens, testis grafts, 


after X-ray treatment, excessive tempera- 
tures, use of alcohol (chronic or experi- 
mental), diseases of many kinds, dietary 
deficiencies and other conditions. Can 
such conditions have any significance for 
the internal secretory needs of the animal? 
Is it really true that hypertrophy occurs? 
In brief, practically any condition leading 
to loss of the generative cells is accom- 
panied by apparent Leydig cell hyper- 
trophy. This may be true for the testis 
as a whole or minor local portions of it 
(Kyrle (§0), yet these cells are rarely 
noted in mitosis. When the germinal 
epithelium is lost from the seminiferous 
tubules these latter characteristically de- 
crease in size (izz). With a decrease in 
diameter of the tubules the testis as a 
whole becomes appreciably smaller and if 
there were actually no increase in the 
number of Leydig cells they would 
naturally be restricted to a smaller area 
and thus exist, relative to number of tubules^ 
in an overabundance. In a given micro- 
scopic field therefore, there would be a 
great increase in Leydig cells. Deter- 
mination of hypertrophy has been made in 
this manner and it must be emphasized 
that a quantitative increase in a given 
microscopic field is no criterion of the ac- 
tual content in the entire organ. This 
question has been discussed in another 
place (Moore (izz)) and it is considered 
that compensatory hypertrophy not only 
does not exist but also that any slight 
increase in number or size of Leydig cells 
loses its significance as being a quantita- 
tive indicator of the internal secretion of 
the organ. Quantitative methods care- 
fully employed should be a great factor 
in settling the present controversy of 
compensatory hypertrophy of the ceils of 
Leydig. The commendable attempt of 
Bascom (8) will undoubtedly give us much 
more exact information than has hitherto 
been available. In contrast to Bouin and 
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Ancel, Hanes, and Sand, Bascom, using 
his quantitative method, maintains that 
there is not an hypertrophy of Leydig 
ceils in unilateral cryptorchid testes after 
removai of the opposite one. 

In testis grafts, contrary to Steinach and 
Sand, it has been found that, more often 
than not, there is a lack of apparent 
hypertrophy of the Leydig cells (Moore 
(12.5)). Apparent increases may occur 
in these grafts but it occurs just as readily 
ill grafts residing in normal females, 
where with both ovaries present there 
cannot be a question of the need of in- 
creased secretion, as in castrated males. 
Such increases were found without any 
definite relation to any secretoi-y need or 
sexual condition of the host animal. 
In castrated males, for example, grafts 
may show large interstitial areas, one 
graft revealing a large group of typical 
Leydig cells and another relatively devoid 
of them, having instead ordinary connec- 
tive tissue cells between the tubules. It 
cannot, therefore, be accepted in principle 
that Leydig cells undergo hypertrophy in 
testis grafts. 

3. The seasonal cycle of the testes 
shown by some hibernating animals 
breeding but one a year reveals striking 
changes in the different tissue of these 
organs. Hansemann (68) observed that 
the hibernating marmot had only slight 
amounts of connective tissue between the 
seminiferous tubules and no typical Ley- 
dig cells; spermatogenesis was in abey- 
ance. Two months after the awakening 
period, in the height of its breeding sea- 
son, Leydig ceils were so large and 
numerous as to give to the testis the ap- 
pearance of a large-celled sarcoma. Could 
it be that their activity here was definitely 
responsible for the occurrence of the 
seasonal cycle? Ganfini (51a) stated that 
Leydig cells were not absent from the 
testes of this animal but were only much 


smaller during hibernation. Rcgaud 
(144) found in the mole a diiFcrent rela- 
tionship of the testis elements; active 
spermatogenesis was not accompanied by 
interstitial ceil hypertrophy. After the 
breeding season the interstitial cells be- 
come maximal and so remain after the dis- 
appearance of the generative portion; this 
is subsequent to the breeding season. 
Tandler and Grosz (189) likewise note that 
the testes of the breeding mole have few 
interstitial cells. As the generative por- 
tion receds to its minimum development 
the interstitial cells hypertrophy to their 
maximum development and staining 
ability. In the hedgehog Marshal! (104) 
finds a correlation between maximal 
interstitial cell development and testicular 
activity whereas Rasmussen (141.) in the 
woodchuck finds that interstitial cell 
increase follows considerably behind that 
of generative tissue activity. When the 
reproductive portion is again at its mini- 
mum state of activity the interstitial cells 
are maximal . It is seen , therefore, chat n 0 
definite correspondence is to be found 
between the interstitial cell activity and 
the breeding period or the procc.ss of 
gametogencsis. Two hibernating mam- 
mals may be entirely opposite in the 
relationship between increase of Leydig 
cells and the reproductive activity. 

In conclusion one is impressed with the 
conflicting opinions and lines of evidence 
relating to interstitial ceil awivity and the 
internal secretory function of the testis. 
The features most impressive ,to Bouin and 
Ancel, Steinach and others appear to be 
open to decided question, and, for many 
of their opinions there now appears to be a 
different explanation. Leydig cells in 
their formation and their increase in 
testicular changes arc apparently ordinary 
connective tissue cells that have under- 
gone a change (Plato, Bouin and Ancel, 
Alien, Whitehead, Hofmeister, iCasai, 
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Sand, Moore, Oslund, Kyrle, Rasmussen, 
Wagner and others); few modern writers 
hold the old conception that they are 
epithelial in origin. When the generative 
portion suffers a decline the interstitial 
cells become prominent and when re- 
generation occurs these appear to return 
to the ordinary connective tissue state. 
In other terms, there appears to be some- 
what of a balanced relationship between the 
Leydig cells and the generative portion, 
perhaps harking back to the nutritional 
viewpoint initiated by Plato and sub- 
stantiated more recently by Kyrle. The 
so-called compensatory hypertrophy ap- 
pears to be a reaction of the tissues to local 
or general disturbances in the organ 
(Moore) rather than having any signifi- 
cance to increased secretory needs of the 
organism. 

When one appreciates the normal quan- 
tity and distribution of the Leydig cells 
in the testes of different mammals, and its 
variability in the same animal, it becomes 
difficult to appreciate its significance as a 
secretory organ. Normally the pig has 
great quantities of Leydig cells, the 
horse to a less extent, the cat and others, 
whereas in the sheep they are scarcely 
to be found. The dog, most rodents and 
man have a small quantity in comparison 
with other mammals. No satisfactory 
explanation of the secretory need appears 


to offer a suggestion for these discrepan- 
cies. 

In general there appears a decline from 
the pinnacle to which the significance of 
the interstitial cells has been elevated in 
the last score of years and at present there 
are those who strongly proclaim that 
such cells have absolutely nothing to do 
with determining or sustaining the secon- 
dary sexual characteristics (Brack ’2.1, 
Cejeka ’2.3 and others). Other tissues of 
the organ have in turn come in for dis- 
cussion as the probable source of the 
internal secietions; the generative por- 
tion, some cells of which almost invaria- 
bly remain after degeneration and appear 
capable of activity, and the vast Sertoli 
reticulum, are usually retained in the 
organ. Discussion of these, however, will 
not settle the problem and already this 
account is perhaps too long, though con- 
siderably incomplete for an exhaustive 
discussion of the biology of this organ. 
Many phases of the tissue reactions as 
well as the internal secretion question 
have had to be omitted. It should be 
clear, however, that the problems per- 
taining to the mammalian testis are by 
no means exhausted. Many aspects of 
both major problems are decidedly open to 
question, and many particulars await solu- 
tion but it is certain that the advances of the 
last half century have been tremendous. 
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1 . INTRODUCTION 

Origin and meaning of term symbiosis 

T term symbiosis as origi- 
nally used by De Bary (1879) 
means the living-together of 
two organisms on a part- 
nership basis. The partnership may be 
between animal and plant, animal and 
animal, plant and plant. Such associa- 
tions vary vastly in degree, but each 
organism must receive some benefit from 
its partner or else the association is not 
one of symbiosis. It is also usually 
true that one partner is much smaller 
than the other, the small one being the 
symbiote or parasite and the large one the 
host, which, strictly speaking, is also a 
symbiote or partner. Host and parasite 
are parasitological terms for the symbiotes 
or partners. Meyer (192.5) has recently 
pointed out that the term symbiont is a 
misnomer; the Greek word for “com- 
panion” or “partner” is symbiote. 

• 

How symbiosis is studied 

It is^a mo§t difficult matter, indeed, to 
tell where symbiotic associations end and 
others begin. The only crucial method 
available in most cases at present is to 
first break the association, study each 
partner separately, determine what it can 
and cannot do when alone, then reestab- 
lish the partnership and study the re- 
united partners. Such a procedure is 


infinitely more difficult than to reason 
how one partner, particularly the micro- 
scopic one, might easily help the other; 
consequently very few definitely estab- 
lished examples of symbiosis are known. 
Most of our information consists of 
possibilities. 

Some examples of symbiosis 

The intracellular and intestinal yeast- 
like and bacteria-like bodies present in all 
individuals of many groups of insects, 
and transmitted in most cases from genera- 
tion to generation through the egg, may 
or may not be symbiotes— nobody knows. 
The literature on the presence, character, 
and possible symbiotic r 61 e that these 
microorganisms play in the lives of their 
insect hosts is immense (Fortier, 1918; 
Buchner, 192.1; Uichanco, 1914; Meyer, 
1915; give extensive references), and it is 
unnecessary to add to it by giving a dis- 
cussion here. What needs to be done is to 
devise some method or combination of 
methods by which these microorganisms 
may all be taken from their hosts without 
injury — a difiicult undertaking. Here is a 
most fruitful field of investigation await- 
ing an opening. Who will open it? 

The intracellular bacteria of certain 
mollusks have been termed symbiotes, 
although Meyer (192.5), who has recently 
made a detailed investigation of some of 
these microorganisms in relation to their 
molluskan hosts, says the word symbiote 
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“is used more for tlie sake of convenience 
than as the result of an absolute conviction 
that the phenomenon is one of true sym-* 
biosis . “ He continues, ‘ ‘from the experi- 
ments and findings reported it is easy to 
assume that the mollusks derive some 
benefit from the intracellular bacteria as 
anabolists or catabolists of metabolic 
waste products, but, what possible benefit 
can the microorganisms derive from the 
association?” 

Green (^Zoochlorelld) and yellow (^Zoo- 
xanthdla) algae are closely associated 
with many animals: Turbellarians, Mol- 
lusks, Annelids, Bryozoans, Coelenterates, 
Rotifers, and Protozoa. In some of these 
animal-plant associations it has been 
claimed by a number of investigators that 
the gas liberated contains much more than 
the normal percentage of oxygen, in 
some associations as high as 55 per cent; 
whereas the colorless varieties of these 
animals, that is those without algae, give 
off a very much smaller percentage of 
oxygen, if any at all. Such associations 
are regarded as helpful or beneficial to 
both partners. The algae supply the 
animal with oxygen for which they get 
carbon dioxide and nitrogen in return. 
Perhaps a fair number of these associations 
are beneficial to both partners, but cer- 
tainly very few of them are absolutely 
necessary for the existence of the partners 
concerned. In one of the Turbellaria, 
Convoluta roscoffensis, the larvae, according 
to Keeble and Gamble, are colorless, that 
is, do not harbor algae, at the time of 
hatching and can only feed themselves for 
a week, by which time they have gotten 
algae. For a while, then, they live on the 
products given off by the algae, but later, 
after having reached a more advanced 
stage in their life-cycle, they become 
capable of digesting the algae, and the 
symbiosis — at least for the algae di- 
gested — ends and the association merges 
into true parasitism. 


Minute bacteria-like luminescent bodies 
associated with fishes, tiinicates, cephalo- 
pods, and insects have been studied by a 
number of investigators, and it is practi- 
cally certain that at least some of these 
associations are symbiotic in character, 
that is to say, each of the organisms is 
benefited in some way, however slight 
the benefit may be. 

Relation of symbiosis to other forms of 
parasitism 

One of the most interesting things about 
symbiosis is its origin and relation to other 
host-parasite associations: commensalism, 
that association in which hosts tolerate 
their parasites as guests or messmates; 
and true parasitism, that association in 
which the parasites live altogether or in 
part at the expense of their hosts. In a 
commensalistic association neither party 
is benefited nor injured. Obviously, as- 
sociations with such an equilibrium must 
be extremely rare, for many of the so- 
called commensalistic panisites cannot 
live outside of their hosts and, of course, 
must be benefited. In true parasitism 
either the host or the parasite is injured: 
when a host develops immunity and 
frees itself of parasites, the parasites arc 
injured; until this occurs the host re- 
ceives the principal injury. Parasitism 
proper, or in the general sense, according 
to fairly well-established usage, covers all 
three associations: commensalism, sym- 
biosis, and true parasitism. » It would be 
much better, however, to^usc the term 
symbiosis, which means living together, 
and under it include commensalism, mu- 
tualism, and parasitism. However de- 
sirable such a change in terminology may 
be, it is not an easy matter to make it, and 
I shall not attempt it at this time. 

Symbiosis occupies perhaps somewhat of 
a mid-way position between commensal- 
ism and true parasitism, and, from our 
meagre information concerning its possible 
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origin, is probably derived from them— 
just how, we do not know. Ideal partner- 
ship or symbiosis, that condition in which 
each party concerned gives as much as it 
receives, is rarely, if ever, realized; 
the partnership is usually one-sided, that 
is, one partner does most of the giving. 
Such associations from the standpoint of 
the partner that does most of the giving, 
are near true parasitism; from the stand- 
point of the partner that does most of the 
receiving, they are near commensalism. 

II. GENERAL CONSIDERATIONS OP TERMITES 
AND THEIR PROTOZOA 

Species and families harboring protozoa 

Approximately 1500 species of termites 
have been described and have been grouped 
in four families: Mastotermitidae, Kalo- 
tcrmitidae, Rhinotermitidae, and Termiti- 
dae. All species that have been examined 
from the first three families (Cleveland, 
1313) have been found to harbor a teeming 
menagerie of intestinal protozoa — ^the 
protozoa in these insects weigh almost as 
much as the insects themselves. Most 
species of the Termitidae that have been 
examined have not been found to harbor 
any protozoa at all, and in those where 
they have been found the quantity can in 
no way be compared to that of the other 
families. Dr. Harold Kirby has recently 
collected and shipped me a large number 
of termites from Panama and Costa Rica, 
Small amoebae and flagellates are present, 
but not abundant, in two species of Ami- 
termes, A. heaumonti Banks and H, medius 
Banks! Larger, more abundant and wood- 
ingesting amoebae are present in Mirotermes 
panamaensis Snyder. Small tetrami tid flag- 
ellates are present in Ortho gnathotermes 
wbeeleri Snyder. Most of the Termitidae 
examined had no protozoa. A list of the 
Termitidae examined and a description 
of the protozoa found, will be published 
by Dr. Kirby soon. 


More investigation may determine 
whether or not the Termitidae are losing 
their protozoa or are just beginning to 
harbor them. The situation is a most 
interesting one, indeed, and certainly 
should be investigated thoroughly. Are 
we observing in this family of termites the 
beginning or the last stage in the closing 
of a symbiotic association? 

Partnerships with fungi 

It has been shown by Doflein (1905), 
Fetch (1306), Fuller (1310, 132.1) and 
others that some of the Termitidae with 
no protozoa in them have formed partner- 
ships with fungi by giving over a certain 
portion of their nest (the fungus garden) 
to the growth and cultivation of the 
fungus which they eat along with soil, 
cellulose, and hemicellulose which the 
fungus has acted upon. Fuller (1311) 
has observed the deliberate removal of 
certain parts of the fungus garden during 
prolonged droughts followed by a week or 
so of rain to propitious places outside the 
nest. 

Food 

The Termitidae as a rule do not feed 
solely on wood or cellulose material, and 
when they do eat wood, it is usually 
very much more decayed than that which 
the protozoa-harboring families eat. 
The Kalotermitidae feed on wood that 
has begun to decay very little if at all — 
several species feed on hard, dry wood that 
has not begun to decay in the least. Two 
genera of the Rhinotermitidae (Reticuli- 
termes and Termopsis) have lived for more 
than two years on a diet of pure cellulose 
(Cleveland, 1315 a). A number of efforts 
have been made recently to get Termitidae 
to live on a cellulose (filter paper) diet. 
Ohtusitermes, Amplotermes ^ Ortho gnathoter- 
mes, Mirotermes, and Amitermes in large 
numbers have been given a cellulose diet 



THE QUARTERLY REVIEW OF BIOLOGY 


54 

under various conditions as near natural 
as was possible in the hhora,tory. Some 
of them ate the cellulose, but others did 
not, and none of them were able to live 
longer than a month. They usually died 
much sooner. However, it is a difficult 
matter to keep most Termitidae in confine- 
ment, and for this reason it should not be 
stated yet that these termites are unable 
to live on a cellulose diet. It is only 
after considerable experience, in fact, that 
one is able to keep any termite perfectly 
normal under laboratory confinement. If 
these termites are able to live on a cellu- 
lose diet, it is highly probable that they 
are assisted in some way by microor- 
ganisms. It is not likely that they digest 
cellulose themselves, although we do not 
know of any symbiotes that do it for 
them. Many of them are filled with a 
wriggling horde of large spirochaetes, 
which may be easily removed and without 
injury to their host by confining the 
termites in oxygen under pressure for 
about the same time that it takes to re- 
move or kill termite protozoa. Some of 
them have intestinal fungi, but we do not 
know what role these fungi and spiro- 
chaetes play in their host’s metabolism. 
This should be determined. 

Termite protozoa 

The protozoa of termites arc most 
interesting creatures indeed. Everyone 
who has observed them has marvelled at 
their abundance, interesting structures, 
peculiar adaptation and mode of living, 
and has wondered how on earth so many 
of them live in a single termite and what 
they do, that is, how they live and what 
relation they have to the termites in which 
they live, move, and have their being. 

It has been stated by a number of investi- 
gators that protozoa are present only in 
the workers and soldiers. This is not 
true. They are present in all wood-eating 


and wood-feeding members of a colony. 
In those termites where a worker caste is 
present, the old and enlarged reproductive 
adults do not feed on wood — the workers 
feed them, and when they do, the protozoa 
disappear. When no worker caste is 
present, the wood-feeding habit is never 
given up, the protozoa are never lost, and 
no greatly enlarged adults are found. 

As a rule protozoa — living or dead — 
are not present in the fecal pellets of ter- 
mites. They do not pass out with fecal 
material in the way that the intestinal 
protozoa of other animals usually do. 
They are perhaps used as food for their 
host. Young termites, however, seem to 
get protozoa, in some unknown manner, 
from the ani of the older members of the 
colony. Some special provision seems to 
be made to give them to the young, per- 
haps by giving off extra and more liquid 
material than pellets, from the anus. 
It is remarkable how soon the larvae get 
protozoa in their guts . Out of twenty-five 
larvae of Termopsis experimented with, 
fifteen acquired protozoa within twenty- 
four hours from the time of hatching. 
Larvae kept by themselves from the time 
of hatching never get protozoa and they 
die in a week or thereabouts. 

The plates at the end of cliis paper show 
several genera of termite protozoa selected 
at random from more than forty that arc 
known. Evidently only a beginning has 
been made in the study of these protozoa; 
one can find new genera and'specics in al- 
most any termite. Seven or* eight genera 
sometimes occur in a single fbrmitchost; 
in fact it is most unusual to find less than 
four genera, except in the Termitidae, It 
is quite probable that when all the 
termite-inhabiting protozoa arc known, 
representatives of practically all parasitic 
or entozoic protozoa of other animals will 
be found in termites. Does this mean that 
the evolution of parasitic protozoa has 



SYMBIOSIS AMONG ANIMALS 


55 


been going on longer in termites than in 
other animals, or does it mean that 
protozoa have found a much more favor- 
able environment in termites than in other 
animals? Does a symbiotic association, 
.which should give the most favorable 
environment for a protozoon, encourage 
evolution? Do more changes occur, or 
are more of those that do occur preserved? 
We do not know. What little informa- 
tion we have regarding the geographical 
distribution of termites and their intes- 
tinal protozoa indicates that there has 
been a parallel evolution of the two groups 
of organisms, which, if true, means that 
the symbiosis has perhaps been estab- 
lished for a very long time. It is also 
probably true that many pathogenic 
protozoa have become extinct by elimi- 
nating their hosts, while symbiotic pro- 
tozoa have made it possible for many 
variations in their hosts to survive and 
for their hosts to become very numerous; 
and if commensalistic protozoa were once 
pathogenic, there has perhaps been a great 
loss of species and genera in their evolu- 
tion — only the less pathogenic ones sur- 
vived and gradually became commensals. 

in. METHODS AND RESULTS OE TREEING 
TERMITES OE THEIR PROTOZOA 

Incuhation 

A fairly convenient method of freeing 
termites of their protozoa is to incubate 
them at 36°C. for twenty-four hours 
(Cleveland, 1914). Such a treatment per- 
haps injures some of them but not a great 
deal when the •proper moisture concentra- 
tion is maintained. This perhaps can 
best be done by confining the termites 
with wood in a vaseline-sealed chamber 
with a very small amount of moist cotton. 
With no moisture, the termites become too 
dry and are injured; with a great deal of 
moisture, molds grow rapidly and injure 
them. 


When the common eastern termite, 
KeHculitermes fiavipes Kollar, is incubated 
as described above, all of its intestinal 
protozoa are removed within twenty- 
four hours; all protozoa in most individ- 
uals are killed in twenty hours. The 
differential death points of termites and 
their protozoa when incubated or heated 
for ten minutes are great enough to allow 
the removal of the protozoa without kill- 
ing the termites, but such a method has 
not proven as useful, so far, as one with a 
longer heating period. 

Experiments have been carried out re- 
cently on the incubation of many species 
of termites from Panama and Costa Rica, 
the details of which, when completed, will 
appear in another paper. It is sufficient to 
state here that all termite protozoa are not 
killed in the same time at a given tempera- 
ature, that is, the time-temperature rela- 
tion is not constant. It is not constant 
even for all the protozoa of certain 
termites; in Kalofermes tahogae at approxi- 
mately 35.5°C. the trichonymphids are 
ail killed in two days (many are killed 
much sooner), while it is five or six days 
before the calonymphids are affected at all 
and eight to ten days before they are all 
killed . At 3 6. 5 °C. the trichonymphids of 
this termite are killed in less than twenty- 
four hours, while the calonymphids are 
not killed in three days. But Calcariur- 
mes, for instance, loses its protozoa within 
less than twenty-four hours when incu- 
bated at 35.5°C. 

After KeUculitermes had been freed of its 
intestinal protozoa (Cleveland, 1914), 
it was carefully studied. As a rule it 
died within three weeks or thereabouts 
after its protozoa were taken from it. It 
was discovered, however, that the actual 
length of time required for death to take 
place depended on the food eaten; the 
more decayed the food (wood) the longer 
it lived. When given humus or fungus- 
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digested cellulose (paper), it lived very 
much longer and would perhaps have 
lived indefinitely had it been properly 
cared for; molds, as mentioned before, 
kill termites when the moisture content 
is high and they cannot live without a 
certain amount of moisture- It is difficult 
to maintain the right amount. The best 
way devised so far is to keep the termites 
in a closed jar or flask which is connected 
with a moist chamber of some sort — 
another flask will do — by means of a 
small glass tube. Once the proper amount 
of moisture is ascertained, it may be kept 
indefinitely without any attention what- 
ever. Incidentally, this same method is 
very useful in keeping untreated termites 
under close observation in the laboratory. 
The moisture required by different termites 
differs greatly; some species of Ctypoumts 
require almost no moisture at all and can 
live in furniture for a long time. 

The fact that the incubated termites 
lived very much longer, if not indefinitely, 
on a predigested diet of humus or fungus- 
digested cellulose than on their normal 
diet of partially decayed wood indicated 
that the incubation in itself was not re- 
sponsible for their death. Obviously, the 
best way to determine whether the incuba- 
tion killed the termites directly or in- 
directly was to incubate a large number of 
individuals, thus freeing them of protozoa, 
then replace the protozoa in one portion 
but not in the other, then feed each portion 
on the same normal diet of wood under 
identical conditions. This was done, and 
all those termites in which the protozoa 
were restored were able to live indefinitely, 
while the others all died in approximately 
three weeks. It was thus shown that the 
death of the incubated termites was due 
to the removal or killing off of the proto- 
zoa rather than to the incubation in it- 
self. Here, then, is an ideal case of 
symbiosis; neither partner (nor symbiote) 


can live without the other. A termite 
chews and swallows wood which the 
countless millions of protozoa living in it 
eat and digest for themselves and for the 
termite that maintains them in a gastro- 
nomical paradise — its gut. 

Starvation 

When termites are starved, practically 
all their large protozoa and many of their 
small ones die long before they do. The 
large protozoa in practically every species 
of termite die more quickly than the small 
ones. Perhaps the best way to carry out 
a starvation experiment is to place the 
termites in clean, flat-bottomed, dry 
glass vessels, and keep these in moist 
chambers. Here again the amount of 
moisture present is important. If there is 
too much or too little, the termites will 
not die of starvation. 

More extensive observations and experi- 
ments have been carried out on the starva- 
tion of the large Pacific Coast termite, 
TermopiSf than on any other (Cleveland, 
ic)Z5b). This termite contains protozoa 
of four genera (figs. 1-4) in fairly definite 
proportions and when starved, its larg- 
est protozoon, Trkhonymfha campanula 
(fig. i), dies first. After about six days’ 
starvation this protozoon disappears en- 
tirely. If the starvation is continued, 
the next largest protozoon, Lcidjopsis 
sphaerica (fig. 1), disappears by the end 
of eight days. After twelve to fifteen 
days’ starvation, the other protozoa, 
Trichomonas termopsidis 3) and Strehlo- 
mastix strix (fig. 4), arc gVeatly* reduced 
in number, but it is impossible to remove 
everyone of them before the temites die 
or are greatly injured. Very few of them* 
live more than twenty-five days. 

If, after six days’ starvation, which 
removes Trichonympha, the termites arc 
returned to their normal wood diet, they 
are able to live indefinitely as shotvn in 
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table I. LeidjopiSy then, which in un- 
treated termites is seldom if ever present 
in such great numbers as Trkhonympha, 
multiplies rapidly and takes the place of 
Trichonympha in number and, as we shall 
see later, as the principal symbiote. 

When both Trichonympha and Leidyopsis 
are removed by eight days’ starvation, 
these termites, when returned to their 
normal diet, are able to live sixty to 
seventy days; whereas when all protozoa 
are removed (see table i), termites live 

TABLE I. 

Rfisults of various methods which have been employed in removing one or more genera of proto^pa from the large Pacific Coast 

termite^ Termopsis nevadensis Hagen 

Every host ia nature always harbors each genus. — — absent, /,e., treatment killed all protozoa of this 
genus and -f- = present, i.e., treatment had no effect. 

THE PROTOZOA 

RESEXX OP TREATMENT 

METHODS OP TREATMENT .5 ON HOST WHEN PED ITS NOR- 

.2, MAE WOOD diet 

I 


I. Starvation for ^ days Lives indefinitely 

z. Starvation for 8 days Lives about lo weeks 

5- Oxygenation for z4 hours at i atm Lives indefinitely 

4. Oxygenation for 14 hours at i atm. Starvation for 

6 days Lives indefinitely 

5. Oxygenation for 14 hours at 1 atm. Starvation for 

8 days Lives 3-4 weeks 

6 . Oxygenation for 7 hours at 1.5 atms Lives indefinitely 

7. Oxygenation for 7 hours at 1.5 atms. Starvation for 

6 days Lives indefinitely 

8-13. Oxygenation, i atm., yz hrs.; 1.5 atm., 9 hrs.; 

Z .5 atm., z hrs.,* 3 atm., i hr. and 5 min.,* 3. 

40 min Lives 3-4 weeks. 


Oxygenation 

When termites are placed in oxygen 
under pressure, they lose their protozoa 
very quickly, indeed (Cleveland, i$x5b, 
i9Z5c), and without being injured in the 
least. This is a better method of freeing 
them of protozoa than incubation or 
starvation. But here, as in incubation and 
starvation, all termite protozoa are not 
affected in the same way when oxy- 
genated. Some of them lose their pro- 


only three to four weeks. Evidently, 
then, the remaining protozoa, Tricho- 
monas .and Streblomastixy are of some 
value to their hosts but are not able to 
keep them alive indefinitely. The re- 
moval of Trichonympha and Leidyopsis 
destroys the symbiotic association, al- 
though not completely, and results, finally, 
in the death of Termopsis and its pro- 
tozoa. This termite has certainly formed 
a most intimate partnership with two of 
its protozoa. 


tozoa when confined in an atmosphere of 
practically pure oxygen, that is when 
they are changed from an atmosphere of 
air with approximately 10 per cent oxygen 
to an atmosphere of 95 to 98 per cent 
oxygen; while others do not lose their 
protozoa until they are placed in slightly 
more than one atmosphere of oxygen 
(table z). As the oxygen pressure in- 
creases, the time required to kill the 
protozoa decreases rapidly until a pressure 
of three and a half to four atmospheres h 
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reached. At a pressure of fifteen atmos- 
pheres, for instance, the protozoa are 
killed in about half the time that they are 
killed when oxygenated at a pressure of 
three and a half atmospheres; whereas 
three and a half atmospheres kills them 
in half the time chat three atmospheres 
does. In other words, one-half of an 
atmosphere between three and three and a 
half atmospheres cuts down the time 
required to kill the protozoa as much as 
ten or eleven atmospheres do after three 
and a half to four atmospheres have been 
reached. Obviously, then, the best oxy- 
genation pressure to use in breaking the 
TABLE z. 


Time repaired at various pressures of oxygen to kill all 
intestinal protozoa of certain termites 


s 

RHINOTEilMITIDAE 

KAr-OTERMITIDAE 

sg 

Jjucatermes 

Rtticuliterms 

Tm^tapsis 

Crypt'temes 











1 

s 

s 
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3 
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X 


Ho 
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24 


-It 


71 
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1.5 
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30 

9 


9 


7 

30 

x.o 
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35 

4 
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4 

30 

X .5 

I 

15 

I 

40 

1 


I 

55 

3.0 : 




50 

i 1 

5 

I 


3-5 


30 


30 


40 


35 


’‘‘Not killed in ten days. 


symbiosis between termites and their 
protozoa is somewhere between three and 
four atmospheres. 

Work is now in progress on the relation 
of the protozoa of many species of termites 
from Panama and Costa Rica to their 
hosts. The work is not complete, but 
it is evident that some of these termites 
are able to live longer than three to four 
weeks after their protozoa have been 
taken from them. Many of them, how- 
ever, are not. We cannot be sure that 
protozoa-harboring termites will die when 
their protozoa are killed, until actual 
experiment has shown that they do. 
Some of them, although we are inclined to 
doubt it, may be able to live — ^poorly of 


Oxygenation and starvation 

After having noted that oxygenation 
removes some termite protozoa and not 
others, that is, brings about a partial 
rather than a total defaunation, and that 
starvation does the same thing, it was 
evident that by a combination of the 
two partial defaunation methods inter- 
esting results might be obtained as to just 
what protozoa were and were not sym- 
biotes. 

The large Pacific Coast termite, Ter- 
mopsis, as we have already seen, contains 
four genera of protozoa, and when 
oxygenated at one atmosphere, k loses 
Trichomonas (fig. 3) within twenty-four 
hours, bur does not lose its other protozoa 
until three days (Cleveland, ‘r9Z5h). 
By oxygenating this termite at a pressure 
of 1.5 atmospheres for seven hours it was 
possible to remove both Tridwmmts and 
Strehlomastix (fig. 4) from maiiy, though 
never all, hosts without seriously in- 
jurying Tricbonympha (lig. i) and Leidyopsis 
(fig. z). We have already noted that if 
this termite is starved for six days it 
loses Tricbonympha, and if starved eight 
days it loses Tricbonympha and IjiJjopsis. 
The various protozoal combinations 
which may be obtained by starving and 
oxygenating Termopsis arc given hi tabic i . 
Termites of each of the seven groups, and 
of the group with no protozoa, were fed 
their normal diet of wood and kept under 
identical conditions. Table**! shows what 
happened to each group. 

Either Tricbonympha or Leiilyopsisys able 
to keep its host alive indefinitely. Tri- 
chomonas is able to keep its host alive for 
a while, but not indefinitely, Strehk- 
mastixis of no value to its host and is not a 
symbiote. It may be supported eitlicf by 
the termites or by ks protozoan neigh- 
bors, or by both. Similar work on the 
protozoa of other termites wfill perhaps 
show that not all termite protozoa are 
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DESCRIPTION OF PLATES 1-4 


IIGURES 

PROTOZOON 

TERMITE FOUOT IN 

XOCAllTV 

I 

Trichonym^ha campanula 

Termopsis angustkolUs 

; Pacific Coast, U. S. A. 

1 

Leidyopsis sphaerica 

Termopsis angustkolUs 

Pacific Coast, U. S. A. 

3 

Trichomonas termopsidis 

Termopsis angustkolUs 

Pacific Coast, U. S. A. 

4 

StnhlomasHx strix 

Termopsis angustkolUs 

Pacific Coast, U. S. A. 

5 

Microjoenia hexamltoides 

PetkuUtermes lucifugus 

Italy 

6 

Dttrichomonas Permitis 

Archotertmpsis wroughtoni 

India 

1 

Holomastiiotoides hemigynmum 

Coptotermes lacteus 

Australia 

8 

Macrotrichomonas pulchra 

Glyptotermes parvulus 

Chiic 

9 

Vevescovina glahra 

Cryptotermes havilandi 

Chile 

10 

Jotnopsis ctphalotricha 

Archotermopsis wroughtoni 

India 

11 

Tseudotrypanosoma giganUum 

Porotermes adamsoni 

Australia 

11 

Spirotrkhonymphella pudihunda 

Porotermes adamsoni 

Australia 

13 

HolomastigoUs dongatum 

KetkuUtermes lucifugus 

Italy 

14 

Mkrospironympha porteri 

Petkulitermes jlavictps 

Japan 

^5 

1 Pseudotrkhonympha hertwigi 

Coptotermes sjostedti 

' French Guinea 

16 

Dinenympha rugosa 

PeticuUtermes speratus 

Formosa 

17 

Stephamnympha syhestri 

Kalotermes grass i 

Chile 

18 

Spirotrkhonympha dongata 

Sebedorhinotermes intetmedius 

Australia 

IS 

Dipknympha foae 

Glyptotermes parvulus 

Gold Coast 

10 ' 

Pyrsmympha grandis 

XetkuUtermes speratus 

Formosa 

11 

Teratonympha mirabilis 

Ketkulitermes jlavkeps 

Formosa 

11 

Satufojoenina mirahilis 

Epkalotermes aethiopkus 

Eritrea 

2-3 

Jomina pukhdla 

Porotermes adamsoni 

Australia 


Figures i, 1, 4 after Kofoid and Swczy; 5, 7, 8, 9, 10, ii, 11, 15, 27, 18, 19, 11, xj after Grassi;6, 10 after 
Cutler; 13, 14, 16, 10, zi after Koidzumi. 
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PLATE 4 




EXPERIMENTAL STUDIES ON MORPHOGENESIS IN 
THE NERVOUS SYSTEM 

By S. R. DETWILER 

Zoological Laboratory^ Harvard University 


I application of the experi- 
mental method to the study 
of the developing nervous 
system has yielded results 
which have extended greatly our know- 
ledge regarding certain aspects of differ- 
entiation. One of the outstanding 
achievements made by the use of this 
method was the solution of the well 
known question of the genesis of the nerve 
fiber. The neurone theory of His (’86, 
'87) and Forel (’87), which seemed incapa- 
ble of being satisfactorily demonstrated 
by the method of direct observation, was 
given ‘firm and conclusive support mainly 
through the experimental researches of 
Harrison (’04a, ’06, ’07a, ’07b, ’loa, ’iob> 
The question of the origin of the nerve 
fiber was first tested experimentally by 
Harrison (’04a, 06) and by Braus (05). 
Harrison removed the ganglionic crest 
cells from frog embryos, and found that 
the embryos developed without sensory 
nerves and ganglia, but that motor 
nerves were present. These were devoid 
of sheath cells. He also showed that, 
when the ventral half of the embryonic 
spinal jCord wa§ removed, but with the 
dorsal the cord and ganglionic 

cresjpfvdls intact, the larvae were devoid 
oMhe motor nervej;. His results clearly 
indicated that the nerve fiber does not 
lave its origin in the sheath cells, but 
that it grows out from a single ganglion 
cell, with which it remains in continuity 
throughout life. A full account of re- 
searches on the histogenesis of the nerve 


fiber has recently been published by Har- 
rison. Qour. Comp. Neur., vol. 37, 19x4.) 

Braus made the interesting discovery 
that the amphibian limb rudiment has 
the ability to undergo differentiation 
independent of its normal organic en- 
vironment (’04), and that when trans- 
planted to an abnormal situtation it may 
acquire nervous connection with the 
central nervous system of the host and 
even exhibit spontaneous movements. 
He took advantage of limb grafting as 
an experimental method for the study 
of a number of fundamental questions 
concerning the development of the nerv- 
ous system. He did not believe that 
the nerves, which developed within a 
transplanted extremity, grew in from the 
central nervous system of the host, but 
that the peripheral portions of the nerves 
developed in situ within the append- 
age and secondarily made connections 
with the nervous system of the host. 
Although all of Braus’ experiments were 
ingenious in type, he endeavored to sup- 
port Hensen’s (’64) protoplasmic bridge 
theory, according to which protoplasmic 
bridges are supposed to be left everywhere 
between dividing cells of the embryo, so 
that when nerves begin to differentiate 
there is a complex system of protoplasmic 
connections within the organism. Those 
which function as conduction pathways 
are supposed to differentiate into nerve 
fibers, whereas the remainder ultimately 
disappear. 

Banchi (06) also carried out limb 
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transplantation experiments in connec- 
tion with the question of nerve origin 
and likewise interpreted his results in 
support of the Hensen theor7. In the 
limb grafting experiments of Harrison 
(’oya) and Gameili C’o6), evidence was 
brought to bear against the Hensen 
theory, and the outgrowth theory was 
given valuable experimental support. 
Whereas Braus claimed that aneurogenic 
limb buds (those taken from nerveless 
larvae) did not acquire nervous connec- 
tion with the host — since they were dis- 
connected from the nerve centers during 
the critical period, Harrison’s experiments 
showed that aneurogenic as well as 
eneurogenic limb buds (those taken from 
normal larvae) became supplied with 
peripheral nerves. Harrison made a much 
more crucial experiment in grafting a 
limb rudiment from a normal embryo to 
one which had previously been deprived 
of its central nervous system. In such 
cases the developing appendage was de- 
void of nerves. This indicated, there- 
fore, that nerves which develop within 
a grafted appendage, grow into it from 
the central nervous system of the host. 

Whereas the results of Harrison’s limb 
grafting experiments left little doubt in 
the minds of most neurohistologists as 
to the validity of the outgrowth theory, 
nevertheless, the advocates of the Hensen 
school still demanded more rigorous 
proof. This was soon after furnished 
by the tissue culture experiments of 
Harrison (’loa) in which he explanted 
neuroblasts of frog embryos into 
clotted lymph and observed with the 
eye the developing nerve as a proto- 
plasmic outgrowth from a single gan- 
glion cell, a concept which had already 
gained considerable footing through the 
careful investigations of His (’86, '87, 
’88, '90), Ram6n y Cajal (’30, ’94, 

’06) and V. Lenhossek (’91, ’95, ’06). 


Harrison’s results were corroborated by 
Burrows (’11) and Lewis (’ii) and the 
neurone’ as the genetic and morphologi- 
cal unit of the vertebrate nervous system 
became firmly fixed. With the establish- 
ment of this concept great attainments 
have been made in the fields of nerve 
regeneration and transplantation, and 
our knowledge of reflex pathways has 
grown rapidly. 

THE INELUENCE OE THE EERIPHERAL FIELD 
ON NEURONE DEVELOPMENT 

Although it seemed clear from the 
experiments on explantation of primitive 
ganglion cells, that the initial outgrowth 
of the nerve fiber can proceed from the 
neuroblast independently of any functional 
requirements on the part of the endorgan, 
no especial attempt was made in these 
experiments to study the effects of nor- 
mal organic stimuli upon the extent of 
neuronic differentiation. The results of 
experiments directed towards the solu- 
tion of this question (Braus, ’06; Burr, 
’i6a; Diirken, ’ii; Shorcy, 09, '11) 

indicated that in the absence of certain 
peripheral areas, the nerve centers nor- 
mally supplying those areas undergo 
hypoplastic development, supposedly 
from the lack of the peripheral functional 
demands which normally activate their 
complete development. Braus (op. cit.) 
found as a result of excision of the fore- 
limbs of Bomhmator prior to the out- 
growth of the brachial plexus, that the 
plexus in larvae preserved- ten d?vs after 
the operation was as wcU Ut:r!opcd as 
the normal, and that no reduction the 
size of the ventral horn areas coula ^bc 
detected. Observations, hoivcver, 
operated larvae, which were kept alivv'' 
until just before metamorphosis, showed 
that the brachial plexus was reduced in 
size, as were also the ventral horn areas 
ordinarily supplying the limb. Braus 
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interpreted his results in accordance with 
the general developmental theory of 
Roux (’85) in stating that the develop- 
ment of the central nervous system can 
be divided into two periods: the first, in 
which growth and differentiation are 
independent of functional activity; and 
the second, in which further differentia- 
tion and growth continue only under the 
influence of this factor. 

Miss Shorey (’09) carried out extirpa- 
tion experiments on the limb rudiments 
of Amhlystoma and the chick, and claims 


plied in the culture medium. As a result 
of her observations she concluded that 
motor nerve growth is not only entirely 
dependent upon the presence of muscles, 
but that no neuroblasts can differentiate 
unless under the stimulus supplied by the 
functional endorgan or the metabolic 
products of the same. On the basis of 
her observations she opposed Harrison’s 
conclusions that the outgrowth of the 
nerve fiber can proceed independently of 
any functional requirements on the part 
of the endorgan. 


TABLE I 

Showing the effects of removal of the limh and the activity of the transplanted limb upon the development of peripheral afferent 


GANGLION CONNECTED 
WITH NORMAL INTACT 
LEFT LIMB 


GANGLION CONNECTED WITH 
GANGLION WITH RIGHT RIGHT LIMB TRANSPLANTED 
LIMB REMOVED TO A HETEROTOPIC 

POSITION 


GANGLION NOT 
CONNECTED WITH 
EITHER LIMB 






Nutnbei 
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COl 
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S 

B 

a 

5 


2,715 

30.4841 

850 11.9748 
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0.415 

1,430 

16. 1 604! 

685 9.7311 




0.479 

0.371 

955 

16.8798 





1.15 

1.31 



1,171 16.5411 

6 

693 

11.6600 

1.69 

1.09 



1,084 11.7634 

7 

710 

11.7366 

1.51 

1.85 





754 

15.5456 






9 t 

773 

17.1318 




* Left ganglion, 
t Right ganglion. 


to have found marked deficiencies in the 
peripheral nerves as well as in the ven- 
tral horn areas subsequent to the removal 
of the .„^pen'iicular musculature. Also, 
thij^degree of the defect was said to be 
r^jre or less proportional to the extent 
^uf the peripheral destruction. In a later 
'^work (’ll) in which sheexplantcd neuro- 
blasts in a variety of culture media, she 
claimed that axone outgrowth ensued 
only in those cases in which beef extract 
(metabolic products of muscle) was sup- 


HYPERPLASIA IN SENSORY GANGLIA 

It was in connection with the above 
question that the original limb experi- 
ments of the writer (Detwiler, '10a, xob) 
were carried out. Rather than to test the 
effects of the destruction of peripheral 
areas on the developing neurones, experi- 
ments were devised to test whether or not, 
by overloading the periphery at a given 
region, the corresponding peripheral neu- 
rones can be induced to undergo hyper- 
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normal (hyperplastic) development to 
meet the added functional requirements 
imposed upon them. Accordingly, the 
right anterior limb rudiment of Amhly- 
stoma embryos was transplanted in the 
same embryo and at distances varying from 
one to seven soimtes caudal to the normal 
situation (autoplastic grafts). In this 
way it became possible to study the effects 
of the development and function of limbs 
so placed upon the neurones supplying 
them. Observations on the functional 
responses of the transplanted limbs as well 


cord just posterior to the original limb 
levels (sixth, seventh and eighth seg- 
ments). The nerves of these levels nor- 
mally supply afferent fibers to the body 
integument and efferent fibers to the mus- 
cles of the body wall. Throughout these 
experiments there was evident a marked 
tendency for the transplanted limbs to 
receive innervation from the normal limb 
levels of the cord. 

The most instructive cases of the limb 
experiments were those in which the limbs 
were shifted caudally the distance of four 


TABLE i 


Showing number of cells counted in twenty consecutive transverse sections of the right half of the spinal cord at the levels 
of the thirds fourth, and fifth segmental nerves respectively (anterior limb levels') 







ciaLiitAs 

CONDITIONS 

CASES 

in NERVE 
LEVEL 

IV 3 TORVE 
LEVEL 

V NERVE ISVni. 

RATIO BETWEEN 
in AND V 
NERVE LEVELS 





( 

IlhV 

Normal 

AS4 

3464 

L 796 

Z34S < 


1.48:1,00 


AS426 

3904 

1803 

Connected with 

1.66:1.00 






limb 135L 
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1500 

1.15:1.00 
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fourth, and fifth, respectively [ 
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Limb level of spinal cord (third, fourth,! 
and fifth segments) reversed 1 

RcSCit 

RcSCiot 

3500 

3165 

2-593 

1809 

1 1115 

j 1316 

I .61:1.00 

1 .40:1.00 


* In cases TrSGisr and TrSCis®, the third, fourth, and fifth nerve levels represent, respective!/, the trans- 
planted seventh, eighth, and ninth. 

f In cases ReSQ and ReSCio, the third nerve level represents the reversed fifth, whereas the fifth nerve level 
represents the reversed third. 


as the segmental nerve supply have been 
published previously in tabular form (Det- 
wiler, ’aob, tables i and 2.). It may not be 
redundant here to state that limbs which 
were transplanted from one to three seg- 
ments caudal to the normal position were 
found to receive nearly their entire nerve 
supply from the original limb levels of the 
cord (third, fourth, and fifth segments). 
Limbs which were transplanted a distance 
of more than three body segments caudal 
to the normal position received the bulk 
of their nerve supply from segments of the 


body segments (fig. 15). Limbs so placed 
were typically found to be innervated 
from a plexus composed of die fifth, sixth, 
and seventh segmental nerves, the fifth of 
which is a normal limb nerxef ' limbs so 
innervated exhibited a high degrG’'^^ of 
activity which was coordinated with the 
contralateral extremity. Mkroscopka'i, 
examination of such cases showed thatl 
the strange segmental nerves (sixth and 
seventh) contributing to the grafted limb 
were larger than the contralateral nerves 
which had, of course, no connection with 
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a limb. This enlargement was found to be 
due to a hyperplasia of the sensory neu- 
rones. Evidence of sensory hyperplasia 
was not only suggested by the obvious 
differences in the size of the spinal ganglia 
(figs. 13, 14) and the posterior roots, but 
was also quantitatively estimated by 
making a numerical count of the sensory 
ganglion cells (table i). 

Excision of the limb rudiment was also 
found to result in a per cent hypoplastic 
development of the sensory neurones of 
the limbless nerves (table i). From the 
fact that the percentage of weight reduc- 
tion in the posterior roots exceeded that 
of the ganglia, the results also indicated 
that in addition to a hypoplasia, a slight 
atrophy of the afferent neurones ensued. 
No exact quantitative observations have 
been made on the size changes in the sen- 
sory neurones disconnected with the 
normal limb or in those connected with a 
transplanted limb. 

As striking as the sensory responses 
have been to decreases and increases in the 
peripheral field, no experiments have as 
yet been completed to ascertain at what 
period in the development of the embryo 
these reactions set in or terminate, though 
investigations concerning these questions 
are under way. Furthermore, the question 
as to whether the sensory hyperplasia in 
nerves connected with a transplanted limb 
is entirely related to the integumentary 
increase is one which also needs investi- 
gation. An analysis of this situation 
meets with j^ifSculty since when spinal 
nerves aic brought into relation with a 
transplanted limb, they not only have a 
gi^ater integumentary area to supply, but 
by reason of the added musculature (limb 
and shoulder muscles) it is reasonable to 
expect that there should be an augmenta- 
tion in the number of proprioceptive 
fibers to the muscles. Since it has been 
impossible to distinguish between pro- 


prioceptive and exteroceptive neurones, 
it is difficult to say how much of the 
hyperplasia in the ganglia can be ascribed 
to integumentary increase. It may be 
possible, however, to analyze the situation 
further as a result of experiments which 
are under way. These have been devised 
in a way to diminish the integumentary 
area on the embryo without affecting a 
diminution in the musculature. By so 
doing it may be possible to obtain a rough 
estimate of the part played by exterocep- 
tive and by proprioceptive neurones in 
hyperplased ganglia connected with a 
limb. 

Whereas the limb transplantation ex- 
periments have shown a marked sensory 
reaction (hyperplasia) to the peripheral 
overloading, no evidence as yet of a similar 
response on the part of the efferent neu- 
rones has been obtained either from a 
comparative study of the motor roots or 
from a numerical comparison of the motor 
nerve cells in both halves of the spinal 
cord at the levels involved. Neither as a 
result of the excision of the limb was 
there any measurable evidence of a hypo- 
plastic development of the efferent fibers 
in the limb nerves (’10a, ’2.3a), though 
such nerves actually did suffer a reduction 
in size. 

A study of size changes in the primary 
brachial motor neurones following limb 
excision in Amhlystoma embryos has re- 
cently been made (Detwiler and Lewis, 
’15) with the interesting observation that 
bilateral excision of the anterior limb rudi- 
ments causes a greater reduction in the 
size of the primary brachial motor neu- 
rones than when only one limb is excised. 
In the latter case the average area of the 
median plane of section of the motor horn 
nuclei (as estimated by the polar plani- 
meter) shows a reduction of 8 per cent. 
The volume reduction of the motor roots 
is 14 per cent. Following bilateral ex- 
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dsion of the limb rudiments the average 
area of the median plane of section of the 
motor horn nuclei shows a reduction of lo 
per cent and the volume reduction in the 
motor roots is 31 per cent. 

These results suggest that the size of the 
efferent neurones, in addition to being 
affected by the completeness of their func- 
tional connection with the peripheral 
field, is also dependent upon reflex con- 
nection with local commissural neurones 
of the opposite side of the cord. The 
exact way in which commissural neurones 
influence growth in the motor horn cells 
on the opposite side of the cord we are not 
yet in a position to state. The results 
indicate, however, that growth and func- 
tion in groups of neurones may affect 
growth processes in others regardless of 
whether or not the latter be fully or only 
partly in connection with the peripheral 
field. 

From the observed facts that prolifera- 
tion in the primary brachial motor neu- 
rones is apparently unaffected by the 
excision of the limb rudiment, and that 
efferent neurones from atypical regions 
of the spinal cord fail to undergo hyper- 
plastic reactions when in connection with 
a terminally increased musculature (trans- 
planted limb), it is obvious that the ex- 
tent to which brachial efferent neurones 
shall develop is not primarily under the 
control of the peripheral musculature. 
This conclusion is not in correspondence 
with the results of Miss Shorey's experi- 
ments, nor with the reflex circle idea of 
Bok C’17). Vermuelen (communicated by 
Bok) also reports a human monster in 
which a duplication of the tongue muscu- 
lature was accompanied by a duplication 
of the hypoglossal nuclei in the brain stem. 
It is difficult to harmonize the observations 
of Vermuelen and Bok with my own 
results. It would seem that if increased 
functional activity on the part of the 


peripheral musculature had any effect 
upon proliferation of motor ncuroblasts, 
manifestations of a definite sort should be 
forthcoming in the limb transplantation 
experiments, yet in no case so far studied, 
whether the transplanted limb was large 
or small, functional or useless, single or 
double, has there ever been found measur- 
able evidence of motor hyperplasia such 
as has been almost without exception 
on the part of the sensory nerves. 

The limb grafting experiments have 
indicated clearly then that the principal 
agencies involved in neurobiastic prolifer- 
ation of sensory and of motor nerves arc 
not the same, and that factors other than 
the functional activity of the end organ 
must combine in determining the extent 
of motor cellular differentiation within 
the spinal cord. 

PROLIFERATION OF CELLS ISf THE CENTRAL 

NERVOUS system; 

It was suggested as a result of the limb 
experiments that if the extra-limb seg- 
ments of the cord, which are capable of 
producing only limited movements in 
transplanted limbs, could be substituted 
for the limb region of the cord, it would 
present a condition whereby it would be 
possible to study more favorably the 
ability of such extra-limb segments to 
execute normal movements when in 
connection with the proper central reflex 
pathways. Also the substituted portion 
of the cord would be subjected to all the 
stimuli which normally prodi^cc the typi- 
cal proliferation of nerve cells in this 
region. 

Experiments were then carried out ^n 
which the anterior limb region of the' 
spinal cord (third, fourth, and fifth seg- 
ments) were excised and replaced by a 
more'*caudai unit comprising the seventh, 
eighth, and ninth segments from another 
embryo (’z3a). A typical example of 
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such a case with a composite spinal cord 
is shown in figure i8. A complete re- 
port of these experiments has been pub- 
lished elsewhere (Detwiler, ’2.3 a) and 
reference to them will be made here only 
in so far as they bear upon the questions 
under consideration. Aside from the fact 
that in 50 per cent of these cases with 
composite spinal cords, normal limb activ- 


mental animal arc shown in figures i and 
i respectively. From figure i it is seen 
that throughout the spinal cord from the 
level of the third nerve to the level of the 
ninth there is a gradient of cellular pro- 
liferation which diminishes down the 
cord. In the experimental case (fig. 2.) 
the same is to be noted, yet here the 
greater cellular proliferation character- 



Fiq. I. Graph Showing the Extent of Cellular Proliferation within the Right Half of a Normal 
Spinal Cord from the Level of the Third Nerve to the Level of the Ninth ([Curve A), and the 
Extent of Sensory Proliferation in the Corresponding Spinal Ganglia (Curve B) 


Abscissae designate the respective spinal segments (three to nine); ordinates represent in Curve A, the number 
of cells counted in t-^enty consecutive transverse sections of the spinal cord at the levels of each nerve, and in B, 
the number counted in each corresponding right ganglion. The third, fourth, and fifth segments are normally 
connected with the limb. 


ities ensued, it was found that the grafted 
segments of the cord in their new situation 
(anterior limb region) underwent an 
increased cellular proliferation approxi- 
mately equal in extent to that which char- 
acterizes the normal anterior limb levels. 
The results of a cellular count from the 
spinal cord of a normal larva of approxi- 
mately fifty days of age and from an experi- 


izing the anterior limb region of the cord 
(third, fourth, and fifth segments) as 
compared with the more caudal region 
has proceeded from a unit of cord which 
typically occupies the caudal position 
(seventh, eighth, and ninth segments). 

Since extirpation of the anterior limb 
was found to have no effect upon cellular 
proliferation in the cord Cxx^). the 
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marked hyperplasia observed in the 
grafted unit of spinal cord appears to have 
no primary relation to the appendicular 
musculature. This conclusion has re- 
ceived further support from a series of 
experiments in which a cellular hyper- 
plasia of similar magnitude occurred in the 
grafted unit of cord in the absence of the 
limb (14). 

In a theoretical discussion of these 


justified as a result of experimental end-for- 
end reversal of the limb region of the 
spinal cord (third, fourth, and fifth seg- 
ments) which resulted in the development 
of a normal pattern of the spinal cord and 
peripheral nerves from the inverted seg- 
ments (Detwiler, *13 b). 

Under normal conditions more nerve 
ceils develop in the third segment than 
in the fifth. Under the experimental 



Normal anterior limb region of the cord excised (third, fourth, and fiftli segments) and replaced by the 
seventh, eighth and ninth segments from another embryo. Abscissae and ordinates as in ffgurc 1. 


results it was suggested that the increased 
cellular proliferation in the transplanted 
seventh, eighth, and ninth segments in 
their grafted position may be the result 
of their being under the influence of a 
greater number of central longitudinal 
pathways descending from higher levels, 
such as the fasciculus iongitudinalis medi- 
alis and the tractus bulbospinaiis (Her- 
rick, ’14). This viewpoint seemed further 


conditions the fifth scgm<Mit, which occu- 
pies the position of the third, is found 
to undergo hyperplastic development sim- 
ilar to the normal third, whereas *die 
third segment when moved caudally to the 
position of the fifth, undergoes decreased 
proliferation so as to typify the normal 
fifth segment (table 1). 

From the constancy in the extent of 
proliferation within the various seg- 
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merits of the limb region of the cord under 
both experimental conditions, the accumu- 
lated evidence seems to bear out the idea 
that the degree of proliferation which is 
reached in these levels of the cord is 
commensurate with the number of longi- 
tudinal conduction fibers normally ter- 
minating therein for the coordinate con- 
trol of the appendicular reflexes. If such 
were the case is it possible that we have 
here an exemplification of the “Stimulo- 
geneous Fibrillation” concept of Bok 
(’15)? Bok’s theory was founded on 
observations from normal development, 
and forms much of the anatomical founda- 
tion for Kappers’ (’17, ’ai, ’ai) theory of 
neurobiotaxis. 

. -It is of course difficult to say whether 
the cellular increases observed are actually 
the result of the stimulative influence of a 
greater number of internal fiber tracts 
entering these higher levels or whether 
such increases can be referred partly or 
entirely to the influence of the axial 
physiological gradients as suggested in the 
work of Child (’ai), Bellamy (’19) and 
others. 

Coghill C’a3, ’a4b) has shown from an 
exhaustive study of nervous development 
in Amhlystoma (non-motile, early flexure, 
coil and early swimming stages) that there 
are localized regions where differentiation 
and proliferation of cells take place 
according to a very definite pattern, and 
that acceleration of these processes in 
different regiofls of the central nervous 
system is definitely related to the develop- 
ment of the behavior pattern. He further 
shows that one process tends to become 
accelerated where the other is retarded, 
and that both take place in the form of 
waves which probably pass cephalocaudad 
through the brain and spinal cord. His 
work is of great importance since it 
distinguishes in a quantitative way be- 
tween the two processes of proliferation 


and differentiation of the nervous ele- 
ments. He has clearly brought out funda- 
mental morphological differences between 
the two as well as the general physio- 
logical significance of these two phases of 
growth. His observations afford con- 
vincing evidence that in early stages of 
development, the resolution of indifferent 
cells into neuroblasts, the early prolifera- 
tion of these neuroblasts and the regional 
localization in the acceleration and re- 
tardation of these processes are accom- 
plished under influences which precede 
any activating stimuli which may come 
from ingrowing nerve roots and tracts. 
These more elementary influences seem 
to be bound up with the hereditary organ- 
ization of the protoplasm and the primary 
physiological gradients. 

In referring to the cellular hyperplasias 
which were observed in the transplanted 
spinal segments described in my spinal cord 
experiments (’13 a), Coghill suggests that 
injury inflicted during the grafting may 
have played some part in the extensive 
proliferation observed. He calls attention 
to Hooker’s ’(15) observations on the 
healing processes in transected spinal 
cords of Amhlystoma and Rana, Hooker 
observed a rapid proliferation of cells in 
the vicinity of the wound seven days after 
the operation. In a later work Hooker 
(’13) reported that injuries to the cord 
produce proliferation by mitosis of the 
cells of the mantle layer. Coghill’ s sug- 
gestion, therefore, partly rests upon 
Hooker’s observations. 

A full discussion of this matter is taken 
up in a separate paper (Detwiler, ’z5c) 
in which it is shown that injury inflicted 
during the grafting in the spinal cord seg- 
ments probably plays no significant role 
in the observed hyperplasias. In this 
connection the experiments dealing with 
the end-for-end reversal of the limb 
region of the cord are instructive. Here 
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the third segment has been replaced by the 
fifth and the latter in turn has been re- 
placed by the third. Reference to table z 
will show that the number of cells counted 
in the transplanted third segment in both 
cases was slightly lower than in the nor- 
mal £fth, and in the transplanted fifth 
segment the number (case ReSC lo) is 
approximately zoo less than in the normal 
third. From the fact that in three in- 
stances out of four transplanted segments, 
proliferation is slightly less than that 
characterizing the normal, injury must 
be looked upon as being an ineffectual 
factor in the results. The same applies 
to the experiments in which the first five 
segments of the cord were excised and 
replaced by a unit of central nervous sys- 
tem consisting of the medulla and the 
anterior two segments of the cord (Det- 
wiler, '15 a). Here the transplanted 
medulla underwent hypoplastic develop- 
ment whereas the spinal portion of the 
graft underwent hyperplastic develop- 
ment. Since both parts of the graft were 
subjected to the same injury it is difficult 
to imagine any significant effects due to 
this factor. 

The data at hand indicate, therefore, 
that hyperplasias occurring in grafted 
units of spinal cord cannot be ascribed 
to the stimulating effects of injury. 

Coghill C'2.4b) shows (his figs. 7 and 8) 
that in early stages of development in 
Amhlystoma, cell proliferation and differ- 
entiation are associated in the growth 
of the spinal cord. He finds that the 
seventh, eighth, and ninth segments which 
I transplanted into the brachial region, 
and which underwent marked hyperplasia, 
fall well within the range of relatively 
high potentiality of both proliferation 
and differentiation. Since the tenth, elev- 
enth, and twelfth segments fall beyond the 
limits of so great a potentiality, Coghill 
raises the question as to whether these 


latter segments would have the same 
capacity for growth in the brachial region 
as did the seventh, eighth, and ninth. 
Herrick (’2.5) also calls attention to this 
point and he says (page iix): 

It should be borne in mind, however, that Coghill 
has shown in Amblystoma larvae of the stages im- 
mediately subsequent to those upon which Detwilcr 
operated, the third, fourth and fifth segments of the 
cord are in a field of rapid cell proliferation which 
seem to be an expression of cephalo-caudad pulses of 
growth whose underlying causes have not yet been 
determined, and the matter evidently needs further 
investigation. 

He further says, 

The relative part played here by the primary physio- 
logical gradients and the influence of ingrowing fiber 
tracts remains to be determined. 

This question is open, at least in part, 
to an experimental analysis which will 
form the subject of future investigations. 
By comparing proliferation in the tenth, 
eleventh, and twelfth segments with that 
in the seventh, eighth, and ninth, both 
under normal conditions and when trans- 
planted into the more cranial positions, 
greater possibilities will be afforded to 
determine more definitely than hitherto 
the extent to which various agencies are 
affecting the normal growth processes. 

In further consideration of the possible 
stimulative effects of fiber ingrowth upon 
cellular proliferation, attempts have been 
made to disconnect descending bulbar 
tracts from the spinal cord'by interposing, 
in the developing embry'o, mechanical 
obstacles such as thin sheets of celloidin 
between the medulla and the cord. It 
was the purpose to test out whether in the 
absence of the invasion of such tracts into 
the cord, proliferation therein would 
suffer incompletion. These experiments 
so far have been unsuccessful. 

Recently I have published the results 
of a series of experiments C2.5a) in which 
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a marked influence of the medulla on pro- 
liferation in the anterior end of the cord 
was obtained. Advantage was taken of 
Herrick’s (’14) observations that in Am- 
blystoma certain descending tracts arise 
in the motor tegmentum of the medulla 
and pass into the ventral funiculi of the 
same and the opposite sides of the cord 
(bulbo-spinal tracts). It was designed 
here to augment the possible stimulating 
effects of such descending fibers hj inter- 
polating an additional medulla just caudal 
to the normal. 

In these experiments the first five seg- 
ments of the cord were excised and re- 
placed by a unit of central nervous system 
including the caudal end of the medulla 
anH the first two segments of the cord. 
Under the new conditions the first three 
segments of the cord are replaced by the 
extraneous medulla and the fourth and 
fifth segments are replaced by the grafted 
first and second (figs. 3, 4). 

The results of these experiments showed 
a more extensive proliferation of cells 
in the spinal segments just caudal to the 
transplanted medulla than occurs under 
normal conditions. The cellular increase 
was most marked in the transplanted first 
and second segments and became less 
marked in successive segments (cf. figs. 
5 and 6). The cellular increases in the 
grafted cord segments have been looked 
upon as resulting from the added stimu- 
lative effects brought about by the aug- 
mentation in the descending bulbar tracts 
arising in the extraneous medulla, and 
passing ventrally into the cord. 

In discussing the question of the action 
of gradients in the process of growth, 
Herrick (’25) has looked upon this cellular 
increase in the cord as being the direct 
result of the introduction of a new center 
of dominance into an atypical place. 

The general interpretations which were 
made as a result of the medulla trans- 


plantations became subject to certain 
modifications in consequence of further 
experiments (Detwiler, ’25d). These in- 
volved the removal of the fourth, fifth, 
and sixth segments of the spinal cord and 
replacing them by a unit of cord compris- 
ing the first three segments from another 



OP THB Spinal Cord by a Unit op Neural 
Tube Comprising the Medulla and the 
First Two Spinal Segments prom 
Another Embryo. X 10 



Fig. 4. Outline Drawing op Amllystma Embryo, 
Showing Excised Region (Medulla and First 
Two Spinal Segments) which was Grapted to 
Embryo Shown in Figure 3. X xo 
S3, third somite; PN, pronephros 

embryo (fig. lo). In several cases the 
third, fourth, and fifth segments were 
excised instead of the fourth, fifth, and 
sixth. Under the new conditions the 
grafted first and second segments of 
the cord occupy the positions of the 
fourth and fifth respectively. This posi- 
tion of the transplanted first two 
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Fio. 5. A Diagrammatic Plan of the Cellular Region of the Central Nervous System of a Normal 
Amblystoma Larva from the Level of the Acoustic (Eighth Cranial) Nerve to the 
Caudal Limit of the Seventh Spinal Segment 

The central figures express the average number of cells per section as obtained by counting the number in the 
right halves of ten consecutive transverse sections through a known region for each segment represented. 
The weight ratios arc based on the weights in grams of unassembled, wax models of thirty consecutive transverse 
sections through the medulla and the various spinal segments indicated. SSi-SSy, first seven spinal segments. 


Fig. 6. A Diagrammatic Plan of the Cellular Portion of the Central Nervous System of Amblystma 
Larva TrBrSCi, from the Level of the Acoustic (Eighth Cranial) Nerve to the Caudal 
Level of the Seventh Spinal Segment 

The first five segments of the spinal cord were excised and replaced by a unit of neural tube comprising the 
greater portion of the medulla and the first two spinal segments (TrSSi and TrSSz). The added medulla occupies 
the region of the normal first, second and third spinal segments. The transplanted first and second segments 
occupy the position of the fourth and fifth, respectively (v. fig. 3), The central figures express the average 
number of cells per section as obtained from counting the number in the right halves of ten consecutive trans- 
verse sections through the same regions as used in the study of the normal individual (cf. fig. 5). Weight 
ratios obtained in the same manner as outlined in explanation of figure 5. TrSSi and TrSSa, transplanted Erse 
and second spinal segments; SS6 and SSy, normal sixth and seventh segments. 
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spinal segments corresponds to that occu- 
pied by them in the former experiment 
involving the medulla (’2.5a). The difier- 
ence lies in the fact that in one case the 
transplanted segments are preceded by an 
extraneous medulla, whereas in the other, 
they are preceded by the normal anterior 
three segments of the cord. 

The results have shown that the anterior 
end of the cord (first and second segments) 


ventral regions (cf. figs. 7 and 8). More- 
over, the celiular proliferation in the 
intact spinal segments cephalad to the 
transplanted ones was found to be mark- 
edly increased, particularly throughout 
the dorsal regions, which are predomi- 
nately sensory, and to such an extent that 
the shapes of these anterior intact seg- 
ments simulated that of the caudal end 
of a normal medulla. The striking change 
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Fig. 7 . Curve showing extent of celiular prolifer- Fig. 8 . Curve showing extent of cellular prolifer- 
ation throughout the dorsal half (curve A) and the ation throughout the dorsal half (curve A) and 

ventral half (curve B) of the spinal cord from the ventral half (curve B) of the spinal cord from the 

level of the first spinal nerve to the level of the first to seventh nerve levels in experimental case 

seventh in a normal Arnhly stoma larva. Abscissae TrSC23. The fourth, fifth, and sixth segments of the 

represent respective spinal nerve levels (i to 7). spinalcordwerereplacedbyaunitof cord comprising 

Ordinates represent the mean number of cells counted the first three segments from another embryo. Ab" 

in ten alternate sections through each nerve level. scissae indicate respective spinal nerve levels (itoy). 

For further explanation v. Detwiler ’x5d. Ordinates indicate mean number of cells counted in 

ten alternate sections through each nerve level, 

when moved haudally in the embryo does in the difference between proliferation 
not decrease ,in cellular proliferation to throughout the dorsal and the ventral 

such an extent as was found in the case regions of the transplanted segments as 

of the spinal cord reversal experiments compared with the normal, suggests that 
involving the anterior limb region C’2.3b). in these segments capacity for self-differ- 
The transplanted segments approach their endation is much higher in the dorsal 
typical size and normal cellular prolifera- portion of this region of the cord, 
tion in the more caudal position. The Cellular hyperplasia throughout the 
proliferation of cells in the transplanted dorsal region of the intact anterior seg- 

segments was found to take place more ments of the cord under the experimental 

extensively in the dorsal than in the conditions points to a stimulative influ- 
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ence exerted upon these regions by the strong sensory pathways (spinobulbar) 
transplanted segments lying caudal to are developed cephalad into the bram. 
themf This influence is seen to be effec- If these results are viewed from the 
tive only throughout the dorsal regions, standpoint of the effects brought about 
It would appear from the character of through the influence of growing axones, 
the results that there exists in the dorsal it would seem that there are two main 
region of the anterior segments of the influences affecting the final proliferation 
cord, particularly in the first and second in the anterior segments of the cord, 
segments, sensory centers inherently of These seem to show a correspondence with 
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Fig. 9. Graph Showing Extent of Cellular Proliferation in the Dorsal Half (Curve A) and tub Ventral 
Half (Curve B) of the Spinal Cord in Experimental Case TrBrSCI 
First five segments of the cord excised and replaced by the caudal end of an extraneous medulla and the first 
two spinal segments from another embryo. The transplanted first and second spinal segments occupy the 
position of the normal fourth and fifth respectively. Abscissae and ordinates as in figure 7. 

high capacity for proliferation and that the direction in which the principal pach- 
a strong influence passes out from this ways are growing. When the grafted 
center— particularly in a cephalad direc> anterior segments of the cord are preceded 
don. The question has been raised previ- by an extraneous medulla, proliferation 
ously (’i5d) whether or not this influence in the grafted segments is increased, but 
may be associated with the extent to the relation between dorsal and ventral 
which ascending tracts arise in this region, proliferation is essentially typical (cf. 
for this region is one through which figs. 7 and 9). On the ocher hand, when 



MORPHOGENESIS IN NERVOUS SYSTEM 


75 


the anterior segments are transplanted 
to these same levels, but with the first 
three segments left intact, proliferation 
in the dorsal regions of the transplanted 
segments is disproportionately high. The 
same is true for the intact anterior seg- 
ments (figs. 7 and 8). The fact that a 
normal dorso-ventral relationship results 
when the grafted spinal segments are 
preceded by an extra medulla, argues for 
a bulbar influence on these segments un- 
der normal conditions which is stronger 
ventrally than dorsally. Certainly the 
inherent capacity for extensive prolifera- 
tion in the ventral regions of the anterior 
end of the cord is not as high as in the 
dorsal regions and only when preceded 
by an extraneous medulla does this ven- 
tral region proliferate in proportion to the 
dorsal. 

How far these results can be brought in 
line with the action of gradients I am not 
yet in a position to state. If viewed 
from this standpoint, they indicate that 
in the sensory region of the anterior end 
of the cord, there exists a center of domi- 
nance with a physiological influence pass- 
ing cephalad as evidenced by the cellular 
hyperplasias occurring throughout the 
sensory regions lying in front of the graft. 

Although numerous agencies are at 
work in the embryological development 
of the nervous system (Herrick, ’15), 
there appears to be no doubt from experi- 
mental evidence that there is a stimulative 
influence resulting from the growth of 
nerve fibers i[nto a field in the process of 
differentiation. 

In addition to the indications brought 
♦out in my own experiments, the work of 
Burr (’ao, ’13) offers corroboration in this 
connection. In his earlier work on the 
removal of the nasal placodes in Amhly- 
stoma embryos, Burr ('i6a) found that 
the corresponding cerebral hemisphere 
failed to complete its development. Up 


to the time when the nasal organ begins 
to function, the hemisphere on the 
operated side was as well developed as 
on the normal side. Since it failed to 
complete its development after that pe- 
riod, Burr concluded that the hemisphere 
receives a stimulation from the functional 
activity of the endorgan (nasal placode) 
which affects its complete development. 
In this connection he cited the results of 
Braus (’06) on the forelimb rudiments of 
Bombinator. Burr (’i6b) found further 
that regeneration of the hemisphere failed 
in the absence of the olfactory placode, 
but ensued if the placode was left intact. 
Here it is evident that some influence from 
the peripheral organ is essential for the 
regeneration of the olfactory centers in the 
brain. 

In a later work Burr (’lo) came to the 
conclusion that some stimulus associated 
with the ingrowth of axones rather than 
the transmission of stimuli over already 
formed pathways influences cellular de- 
velopment in the hemisphere. In this 
connection Burr performed two series of 
experiments. In the first, the cerebral 
hemisphere with the adjacent olfactory 
placode was transplanted to a region just 
caudal to the right anterior limb and 
buried beneath the skin. In the second 
series, the same structures were trans- 
planted to the same region but in this case 
the olfactory epithelium was healed into 
the skin and exposed to the exterior as 
under normal conditions, whereas the 
telencephalon was deeply buried. Burr 
found that the telencephalon was as com- 
pletely organized in one type of experi- 
ment as in the other, indicating, therefore, 
no influence of a functionating end-organ 
on cellular production in the telen- 
cephalon, From his two types of experi- 
ments he concluded that the ingrowth of 
peripheral axones into the wall of the 
hemisphere was the important agent 
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iniluencmg cellular proliferation in the 
hemisphere and not the functional activ- 
ity of the end-organ. He strengthens 
his point of view by the observations that 
the ventral portion of the hemisphere 
which, by reason of the operation, is cut 
off from normal ascending fibers is much 
less differentiated whereas the dorsal 
portion, the function of which is entirely 
olfactory, is practically completely devel- 
oped with the exception of the tracts con- 
necting it with the rest of the brain . Burr 
says (page 165): 

.... Hence it is reasonable to suppose that a 
part of the differentiation of the nucleus medialis 
septi and the primordium hippocampi is due to the 
ingrowth of centripetal fibers. 

He says further 

. . . . It is evident then that the factor which pro“ 
duces the second phase of nervous development in the 
telencephalon is not the functional activity of the 
nasal epithelium transmitted through the olfactory 
nerve, but rather the stimulus afforded by the actual 
ingrowth of neurones into the wall of the hemisphere. 

It would be interesting, however, in 
connection with Burr’s experiments to 
test out whether the olfactory epithelium 
which was exposed to the surface (second 
type of experiment) was actually capable 
of function, and, further, it would be 
important to know how far proliferation 
in the olfactory portion of a grafted hemi- 
sphere would proceed in the entire ab- 
sence of an olfactory placode. 

The part played by fiber ingrowth in 
cellular production receives more sub- 
stantial confirmation in Burr’s later experi- 
ments (’2.3) in which he transplanted an 
accessory nasal placode adjacent to the 
normal. Here he found that connections 
were established with the hemisphere and 
that the augmentation of olfactory fibers 
thus entering the hemisphere brought 
about a cellular h}ip)erpiasia in the ol- 
factory territory of the same. 


In an analysis of Burr’s work, Herrick 

(’2.5) says 

It may be inferred that the developing olfactory 
epithelium produces some soluble substance (hor- 
mone) which diffuses through the tissues and acti- 
vates the cells of the adjacent brain wall to more rapid 
proliferation, or that differeoces in biocicctrical 
potentials in the ingrowing olhccory organ can cut 
across the very short distance between this organ 
and the brain and so stimulate growth in the latter, 
or that the permeability of the tissue has been modi- 
fied in some other way. 

Herrick (op. r/>.) brings out the point 
that this influence which is exercised upon 
the developing brain by the rapidly grow- 
ing peripheral sensory surface may be of 
much more generalized nature physiologi- 
cally than a true nervous impulse and 
indeed may be some phase of the general 
physiological gradients or some allied 
kind of process, as he terms it. 

Coghill (’2.4b) has shown that there is a 
correlation between neuroblastic prolifera- 
tion in certain regions and axonal in- 
growth into the same, but calls attention 
to the point that, since high races of 
proliferation arc complete before axonal 
ingrowth in that region has occurred, the 
ingrowth of the axoncs is not the cause of 
proliferation. His figure 6, page 85, 
shows that the great increase in neuro- 
blastic proliferation (185.4 per cent) in 
the cerebrum of Ambly stoma between the 
coil stage and the early swiiriming stage 
is simultaneous with the ingrowth of the 
olfactory and the optic nervds. In regard 
to this point he says, “It is conceivable 
that the accelerated differentiation in the 
cerebrum stimulates the ingrowth of the 
olfactory and optic fibers.” He also calls., 
attention to a correlation of the rapid 
differentiation of ncuroblasts in the rhom- 
bencephalon at early periods with the 
ingrowth of the nerve roots. 

It is clear from Coghill ’s work that there 
are factors other than the growth of nerve 
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roots which activate proliferation of 
neuroblasts in the early stages. Never- 
theless, there seems to be abundant ex- 
perimental evidence to suggest that in 
later stages, at least, cellular proliferation 
becomes more clearly correlated with 
fiber invasion, and in fact, may be pri- 
marily under the influence of this agent. 

In some recent experiments on embry- 
onic eye transplantation (May and Det- 
wiler, ’^5) we have obtained results which 
are of especial interest in this connection. 
The eye was transplanted into a wound 
resulting from excision of the otic placode 
(fig. 19). Incidentiy the olfactory pla- 
code was grafted along with the eye. Of 
15 cases examined microscopically, the 
optic nerve was found to enter the IX-X 
ganglion in 4 cases, the unremoved portion 
of the VII- VIII ganglion in 3 cases, and 
in I case it entered the medulla. The 
ingrowth of the axones into these nerve 
centers brought about a hyperplasia rang- 
ing from 11 to 51 per cent of the 
normal. 

The exact manner in which axones 
growing into a region undergoing differ- 
entiation brings about increased cellular 
production is difficult of analysis. There 
seems to be at present no valid objection 
to interpreting the results in line with 
Cajal’s neurotropism theory. Coghill 
(’14a) brings out the fact that nerve cells 
grow while they function and suggests 
that the power of one neurone to activate 
growth processes in another has origin 
in the growth phase rather than in the 
conduction phase of its metabolism. He 
cites in this connection the experiments of 
Harrison ('04b) in which he narcotized 
frog embryos in a 0.01 to 0.03 per cent 
solution of chloretone during the period 
when the early nervous pattern is being 
laid down and found that, upon removal, 
at a period five days later, they were able 
to complete normal swimming move- 


ments in the course of about five minutes. 
Certainly this type of experiment argues 
for an influence other than that brought 
about through nervous conduction. Re- 
cent unpublished experiments by Mat- 
thews in the Harvard laboratory show 
that embryos narcotized for a period of 
fifteen days undergo a greatly retarded 
differentiation but that complete recovery 
of normal reflexes is realized in some cases, 
although the recovery period is consider- 
ably longer than when narcotized for 
shorter periods of time. It would ap- 
pear from the character of the results that 
the delay in recovery results from the 
prolonged lowering of the growth poten- 
tials, though there is, as yet, no quantitive 
data in this connection. 

The action of sensory fibers in bringing 
about the formation of sensory elements 
with which they are later in intimate 
contact, either through contiguity or con- 
tinuity has been observed in normal de- 
velopment and also in regeneration. Szy- 
monowicz (’95, ’96) stated that both in 
the case of the corpuscles of Merkel and 
in the corpuscles of Grandy and Herbst, 
the differentiation of the sense organ is 
dependent upon the nerve. In the taste 
buds of fishes (Landacre, ’07) and in those 
of man (Marchand, ’02.), it appears that 
the gustatory nerves are the elements 
which cause differentiation of taste cells. 
Boeke (’17), Olmstead (’2.0), and May 
(’15) found that it is the regenerating 
sensory nerves which bring about the for- 
mation of the new taste cells, following 
experimental degeneration of the taste 
buds. 

All of these observations may be indic- 
ative of the presence of some stimulating 
substance (secretion) given off by the 
regenerating nerve which activates the 
formation of a new taste bud, and it may 
be that the sensory hyperplasias which 
have been related to the influence of in- 
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growing neurones, may be brought about 
in the same way. 

How far hormone action or some allied 
activity is effectual in these processes it 
is, of course, difficult to determine. 

SELECTIVITY OF NEURONES 

Observations by Kappers (’17, ’ti, ’lt). 
Child (’2.1), Bok (’15), Ingvar ( 10) and 
others offer grounds for theories of the 



Fig. 10. A Diagrammatic Plan ot the Segmental 
Nerve Contribution to the Transplanted 
Limb (TL) and the Regenerated JLimb 
(RL) IN Case AS413 

Right anterior limb grafted to position four body 
segments caudal to the normal. Regeneration of 
limb in orthotopic position. The normal brachial 
nerves arise from the third, fourth, and fifth segments 
of the cord. 

development of neurone pattern and selec- 
tivity within the nervous system on the 
basis of biolectric potentials within the 
organism, yet when we consider the ques- 
tion of cellular proliferation, peripheral 
selectivity of axones and other allied 
phenomena, many interpretations seem 


difficult unless it is assumed that more or 
less specific substances (hormones) which 
exert an attractive influence, are at work. 
Child (’ti) in his discussion of neurone 
pattern says that in the connection of the 
nerves with the peripheral territory, 
chemotaxis may play a part. Herrick 
(’l 5) also considers this a real factor in 
nervous differentiation although he points 
out that this action is not very specific 
as is readily indicated by the fact that 
nerves will grow and effect functional con- 
nections in most atypical places. In this 
connection he cites Burr’s ('10) experi- 
ments on transplanted olfactory placodes, 
Stone’s (’2.4) experiments on the trans- 
plantation of other cranial placodes, and 
my own observations on the spinal nerves 
of Ambly stoma in effecting connections 
with transplanted limbs. In the limb 
experiments it was found that brachial 
nerves of Amblystoma larvae would grow 
considerable distances out of rheir normal 
course to effect functional connection with 
the grafted appendage (’10b, ’zx), yet 
when the limb was grafted at coo great a 
distance, spinal ner^^es which normally 
never enter a limb, produced the brachial 
plexus, in spite of the so-called “prefer- 
ence” of the brachial nerves for their own 
end-organ. In none of the limb experi- 
ments has there ever been any evidence of 
an absolute muscle-neurone sixicifidty. 
The same is brought out in the experi- 
ments of Harrison (’07a), Braus (’05) and 
also more recently by Weiss (’i3b). 

In some recent limb experiments (Dct- 
wiler, ’z5b) the right anterior limb of 
Amblystoma was transplanted the dis- 
tance of four body segments caudal to the 
normal situation, under conditions allow- 
ing for the regeneration of an appendage 
in the normal position (figs. 16, 17). 
This procedure was adopted with the 
view of bringing about limb development 
in both heterotopic and orthotopic posi- 
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tions, and in such a way that initial limb 
development in the heterotopic position 
might be advanced over that in the 
orthotopic position. In many such cases 
with two anterior limbs, the normal 
brachial nerves (third, fourth and fifth) 
were distributed to both appendages 
although such distribution did not 
always involve any peripheral communh 
cation of the nerves (fig. lo). In sev- 
eral cases, the fifth nerve, which typi- 
cally supplies the normal limb, was found 
to grow caudally a considerable distance 
and supply a large portion of the muscula- 
ture of the grafted limb. Weiss (’a3a, ’2.3b, 
’13c, ’^4) recently reported interesting 
grafting experiments upon differentiated 
hmbs of salamander larvae. In cases 
where a forelimb was placed near an intact 
hind limb, the hind limb nerves which 
were severed in the operation became re- 
distributed to both limbs. In one such 
case complete innervation of the grafted 
limb originated from branches of the third 
lumbar nerve, which normally innervates 
only the adductors of the femur and the 
flexors of the knee. Analogous move- 
ments of the homologous muscles which 
were observed in both the experiments of 
Weiss and myself cannot be correlated, 
therefore, with specific nerve regeneration 
to homologous muscles. The acquisition 
of nerves by the grafted limbs in both 
types of experiments tends to point to- 
wards a similarity between the attractive 
influence exerted by degenerating nervous 
tisstie in the regenerating nerves such as 
A^eiss observed, and that exerted by the 
differentiating limb rudiment on out- 
grewing nerves as was found in my own 
experiments . It is obvious from the latter 
experiments that the transplanted limb 
exerts a stronger influence on the fifth 
nerve (caudal of the brachial nerves) than 
does the regenerating limb, otherwise the 
fifth nerve should supply the orthotopic 


extremity just as it does under norma 
conditions. When the normal limb rudi 
ment is not removed and an additiona 
limb rudiment is placed three or foui 
segments caudal to it, the latter is nevei 
supplied by the fifth nerve. 

It is difficult to analyze the exact nature 
of this attraction. The differentiating 
limb rudiment must be regarded as a 
region of high physiological activity. 
According to Child (’11) such regions are 
electropositive with respect to their sur- 
roundings. Such being the case, it is con- 
ceivable that the axones coming into the 
general vicinity of the differentiating 
limb are attracted by the electric field, 
and electrical polarization may be brought 
about much after the same fashion as ob- 
tains in the central nervous system ac- 
cording to tappers (’17, ’2.1) or Child 
(’xi). This seems to be applicable to 
any nerve which develops in the vicinity 
of the electric field. It may be exempli- 
fied by the fact that limbs placed in a 
position four segments caudal to the 
normal may receive nerves from the fourth 
to the eighth segments inclusive, but 
“preference” seems to be given to the 
fifth and sixth, presumably because the 
outgrowth of the nerves from these levels 
of the cord are in advance of those caudal 
to them. The only reason offered in 
explanation of the failure of the third and 
fourth nerves to grow caudally to the 
transplanted limb is because the point of 
high physiological activity (differentiat- 
ing transplanted limb rudiment) is too far 
removed to be effective on such a cephalic 
level. 

In the cases with a heterotopic limb 
placed four segments caudal to the normal 
and a regenerating Hmb in the orthotopic 
position, we have two centers of high 
physiological activity, but the growth 
activity of the grafted limb rudiment is 
exerted earlier than that of the regenerat- 
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ing one by reason of the initiai delay re- 
suiting from reorganization in the latter. 

Kappers Q1.1) suggests the probability 
that in embryos, the proliferation of 
muscle has the same influence as func- 
tionating adult tissue, and that this pro- 
liferating tissue may thus activate irradia- 
tions of nervous currents from the spinal 
cord. He makes use of the observations 
of Herrick and Coghill (’15) on the devel- 
opment of reflex mechanisms in Amhly- 
stoma^ and suggests that the initial con- 
traction of the myotomes sets free action 
currents already present in the longitu- 
dinal tracts of the central nervous system, 
as was evidenced by the fact that the 
primary root fibers originate as collaterals 
from these longitudinal tracts. (Her- 
rick and Coghill, op. cit., fig. 3.) 

Bok (’17) has pointed out that the con- 
nection between certain muscles and some- 
times widely distant places of the central 
nervous system has to be explained by the 
fact that the contraction of muscle (which 
precedes the formation of nerve roots) 
exerts a trophic action upon the central 
fibers. 

Further evidence of the attraction of 
differentiating muscle on nerve is shown 
by the experiments of Hoadley (’2.5), who 
transplanted pieces of embryonic chick 
mesencephalon and somitic tissue to the 
chorio-allantoic membrane. He found 
that the nerve fibers which normally are 
never related to muscle (visual correlation 
fibers) will grow out from the mesen- 
cephalon into the differentiating muscle. 


Since these fibers will also penetrate into 
other tissues, Hoadley says that the at- 
traction must be of a ver}- general nature 
and in his analysis of the situation is 
inclined to view the attraction as a dy- 
namic process (galvanic) rather than one 
of ciiemotaxis. 

Although bio-electric conditions may 
be responsible for the general ingrowth of 
axones into a field of rapid proliferation 
by reason of the high physiological ac- 
tivity set up— hence an electrical polari- 
zation (Child, ’2.1), it docs not appear to 
the writer that in the present state of our 
knowledge we can account for the pe- 
ripheral selectivity of nerve with muscle 
without assuming that the muscle or 
groups of muscle produce substances (hot 
mones?) at particular periods of their 
differentiation, wdiich act chemotactically 
upon nerve fibers which are growing into 
their general vicinity. 

In our eye transplantation experiments 
(May and Dctwilcr, 15) wc found that, 
in general, there was a shifting of the 
ganglion towards the entering optic nerve 
from the transplanted eye. In one case 
where the transplanted optic nerve entered 
the medulla, there was a shifting of the 
nerve cells from their normal position 
into the white matter at the point of 
entrance of the nerve. Wc have already 
discussed this reaction and similar ones 
in the light of the theory of neurotropism 
of Cajal, and of Kappers* ncurobiotaxis 
theory. We also raised th*e question as to 
whether or not the cel! migration towards 


PLATE I 

Fig. II. Photograph of reconstruction models of the left third and fourth spinal ganglia which arc in con- 
nection with the normal intact anterior limb. X 50. Case AS429. 

^ Fig. II. Photograph of reconstruction models of the tight third and fourth spina! ganglia, showing reduction 
m size resulting from excision of the limb with which they arc normally connected. X jo. 

Fig. 13. Photograph of reconstruction models of the normal left sixth and seventh spinal ganglia which 
normally have no connection with a limb. X 50. 

Fig, 14. Photograph of reconstruedon models of enlarged right .sixth and seventh spinal ganglia supplying 
afferent nerves to a transplanted limb. X 50. i o © rr 
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the entering optic nerve might be an 
ontogenetic example of Kappers’ phylo- 
genetic theory. Further experiments 
along this line are in progress. 

REGENERATION 

The agencies which are operative in 
reparation of the central nervous system 
of amphibian larvae following experi- 
mental injury have been studied in an 
experimental way by a number of in- 
vestigators. Hooker (’15) completely 
severed the spinal cord of frog embryos at 
the stage of closed neural folds with a 
view of analyzing the processes leading to 
its reunion. He found that the spinal 
cord underwent complete regeneration 
and that the process of reunion is affected 
primarily by the development of nerve 
fibers which bridge the gap and establish 
physiological continuity. He calls at- 
tention to similar observations made by 
Brown-S6quard (49) and by Harrison 
(’ lob). Whereas Hooker found chat both 
pieces of the sectioned cord played a r 61 e 
in the reunion process, Masius and Van 
Lair (’69) claimed that the caudal stump 
played no part in the regeneration of the 
cord in adult frogs. 

Hooker (of. cit.') found that when the 
cut ends of the spinal cord were brought 
into contact with each other, healing per 
primam resulted. When the wound sur- 
faces were somewhat separated, reunion 
was established by a definite sequence of 
events. Using^his wording these are: (a) 
the development of nerve fibers from the 
motor cells of each segment of the cord, 
(b') the growth of sensory axones from the 
c^t surface of the posterior stump, (r) 
the outgrowth of fibers from the epithelial 
cells of the canalis centralis of either end 
of the cord, (i) the wandering of neuro- 
blasts into the fibrous net between the cut 
ends from both stumps, and (e) the elonga- 
tion of both ends of the spinal cord to- 


wards each other by the proliferation of 
epithelial cells of the canalis centralis 
and the consequent lengthening of the 
canal. 

Hooker also showed that the elements 
entering into the regenerated portion of 
the cord are derived entirely from the 
original cord, and that neither connective 
tissue nor epithelium take any part in the 
process. 

In his second paper. Hooker (’17) re- 
ports the results of reversing end-for-end 
a portion of the cord on the healing of the 
cord wounds, the polarity of the elements 
of the cord, and upon the behavior of the 
larvae. He found as did Spemann (’iz) 
that the reversed piece retained its original 
anatomical polarity. Under simple sec- 
tion of the cord the reunion is established 
first by the caudal growth of the motor 
processes from the cephalic stump, which 
in turn is followed by the cephalic growth 
of sensory processes. In the embryo with 
a reversed middle piece, following double 
section of the cord in the cervical region, 
the normal relationship between the 
direction of the growth of all the processes 
and the antero-posterior axis of the body 
has been completely upset so that the 
nerves which were originally descending 
processes grew in an ascending direction 
and vice versa. Also the reversal brings 
together at the cephalic wound surface a 
series of nerve fibers growing in the op- 
posite direction which are all descend- 
ing processes, and, at the caudal wound a 
number of fibers growing in both direc- 
tions which are ascending processes. 
Under these conditions there was present 
a marked tendency on the part of the 
nerve fibers to avoid entering the opposite 
wound surface. In spite of this “an- 
tagonism” between “like” surfaces, fibers 
did bridge the gap in many cases and re- 
establish continuity. 

Although the neurones begin their 
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dcvciopnicnt in tiic iiortna.1 oricnts-tion 
to the reversed piece, the direction of the 
transmission of stimuli is reversed as 
evidenced by the normal reflex behavior 
of the larvae. Regarding this point 
Hooker (op. cit., page 445) remarks 

. . . It is of course doubtful whether there is 
any real specificity of ascending and descending 
processes and the physiological results obtained 
certainly demonstrate that a considerable degree of 
adaptation has taken place here, in that the descend- 
ing processes must certainly function as ascending 
processes and vice versa. In this sense, therefore, 
we must conclude that there is a reversal in the 
polarity of the elements contained within the re- 
versed piece of the spinal cord, though whether this 
reversal in polarity includes anatomical reversal of 
the cells themselves is very doubtful. It is much more 
probable that only the direction in which the stimuli 
travel along the processes is the reverse of its usual 
course. 

Corroboration of such functional re- 
versal as obtained by Hooker has been 
physiologically brought out in the spinal 
cord reversal experiments in Amhlystoma 
embryos (Detwiler, '13 b). 

In a recent paper Hooker (’2.5) has 
described the processes which establish 
anatomical continuity in transected cords 
of frog tradpoles, and his paper gives a 
resumf of work done by other investiga- 
tors in this field. His observations show 


that the structural restoration of the 
severed spinal cord demands the presence 
of four types of elements. According to 
him these are: ependymal cells, neuraxes 
derived from neuroblasts of the original 
cord, spongioblasts, and neuroblasts. The 
principal problem according to him is the 
supply of spongioblasts and neuroblasts 
to restore the other elements of the cord. 
Apparently the necessary ncuroblasts and 
spongioblasts may be derived by the cyto- 
morphosis of cells already present, or by 
the production of additional elements by 
proliferation. A shifting of cells and 
their migration for greater or lesser dis- 
tances also seems to be necessary. 

In addition to showing the cellular 
elements requisite for regeneration of the 
cord, and the methods by which the repair 
processes are carried out, Hooker's (’2.5) 
observations also indicate the existence of 
some directive stimulus on the growth of 
the neuraxes. The same conclusion is 
made by de No ('11) who speaks of it as a 
neurotropism. 

Other evidence of attraction in the 
growth and restitution processes following 
cord transection arc brought out in the 
experiments of Wieman ('ii). Wieman 
rotated pieces of spinal cord at ninety 
degrees to the antero-postcrior axis and 


PLATE X 

Fig. 15. Photograph of Amblystoma larva showing right anterior limb transplanted die distance of four 
body segments caudal to the normal position. Fifty days after operation. X x- 

Fig. 1$. Photograph of Amblystoma larva (fifty-three days after operation), showing right anterior limb 
transplanted (with inverted orientation) the distance of four body segments caudal to the normal position. 
Regeneration of limb in orthotopic position. X x. 

Fig. 17. Photograph of Amblystoma larva (fifty days after operation) with right anterior limb rudiment 
transplanted the distance of three body segments caudal to the normal position. Transplanted extremity com- 
pletely reduplicated. Regeneration of limb in orthotopic position. X x. 

Fig. 18. Photograph of Amblystoma larva (seventy days after operation) in which the anterior limb region 
of the spinal cord (third, fourth, and fifth segments) was excised and replaced by a more caudal unit of cord 
(seventh, eighth and ninth segments) from another embryo. X x.i. 

Fig. ig. Photograph of Amblystoma larva showing transplanted eye in position of the car. X 4* 

Fig. 2.0. Photograph of Amblystoma larva TrSc 30 in which the third, fourth, and fifth spinal segments 
have been replaced by a unit of cord comprising the first, second and third segments from another embryo. 
X 
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purposefully interposed somitic tissue 
between the intact stumps and the rotated 
piece. In this way healing per primam 
was prevented, and the reunion was 
established first by the caudal growth of 
descending processes which was followed 
by the cephalic growth of ascending proc- 
esses as observed by Hooker C17). He 
found that the descending processes al- 
ways pierce the rotated piece through its 
originally cephalic end, and the ascending 
ones always enter the originally caudal 
surface, yet the' chances for the opposite 
course are equally advantageous as far as 
distance is concerned. Wieman corrobo- 
rates Hooker in that the descending tracts 
are reestablished before the ascending 
ones. In fact Wieman states that the 
development of ascending tracts depends 
upon a prior formation of descending ones 
through the operated region. This is 
strongly suggested by the greater fre- 
quency of fusion between the rotated piece 
and the stump found to obtain in higher 
levels of the cord as compared with the 
more caudal levels. The relation found 
to occur between the time of motor and 
sensory reunion bear out in an experimen- 
tal way Coghill’s observations on the 
development of reflex arcs of the cord. 

Wieman (’15) found, that when the 
sectioned piece was oriented at 135 de- 
grees to the normal, some cases healed per 
primam and a complete reversal of func- 
tional polarity ensued. In others, the 
isolation of the transplanted piece was 
maintained for^a long enough time to al- 
low the inherent polarity to come to full 
expression. In such cases descending con- 
nections failed. Wieman believes that 
this is due to the fact that the metabolic 
gradient set up at an angle of 135 degrees 
to the principal gradient inhibits the for- 
mation of descending tracts to a greater 
extent than when the gradient of the trans- 
planted piece forms an angle of 90 degrees. 


Wieman’s results show that nervous 
reunion between the transplanted neural 
tube and kumps depends primarily upon 
the development of descending outgrowths 
from the anterior neural stump. 

Since both Hooker and Wieman find 
that the first repair process in cases not 
healing per primam is the outgrowth of 
neuraxes, and that this is followed by 
proliferation of cells in the original cord 
(Hooker, ^5), it may be that this pro- 
liferation is set up under a stimulative in- 
fluence of fiber invasion. If this should 
actually prove to be the case, it would 
place regeneration processes at least in 
part upon the same basis as those found in 
normal morphogenesis. 

Another subject of general interest to 
the students of the nervous system pertains 
to the influence of the developing nervous 
system upon the morphogenesis and 
regeneration in other systems. This mat- 
ter is under experimental investigation 
and constitutes a subject which space will 
not permit of discussion in this paper. 
Recent researches by Weiss (’2.5) and by 
Hamburger (’2.5) show a controlling in- 
fluence of the nervous system upon the nor- 
mal development and regeneration of the 
extremities in amphibians. Their papers 
contain discussions of the researches of 
others in this field, as well as valuable 
bibliographies. 

It has not been the purpose in this 
communication to review the entire sub- 
ject of morphogenesis in the nervous 
system, but merely to point out the trend 
of certain lines of experimentation 
in this field, and the results which they 
have so far achieved. It is hoped that 
continued work along such and other 
lines may contribute to clearer inter- 
pretations of the perplexing problems 
of morphogenesis and to our knowledge 
of structure-function correlations in the 
nervous system. 
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A REVIEW OF THE DISCOVERY OF PHOTOPERIODISM: 
THE INFLUENCE OF THE LENGTH OF DAILY 
LIGHT PERIODS UPON THE GROWTH 
OF PLANTS 

By K. F. KELLERMAN 

Bureau of Plans Industry, United States Department of Agriculture 


1 IGHT is so obviously important for 
the well-being of most living 
things that, as might be 
^ pected, there is a wealth of 
literature describing the results of careful 
studies of the effect on plants of sunlight 
and of artificial light, of light of different 
colors, and of different intensities. 

It was not, however, until the pain- 
staking and brilliant researches of Dr. W. 
W. Gamer and his associates that the 
remarkable significance of changes in the 
duration of the daily periods of light and 
darkness was realized. For many plants, 
perhaps for most plants of the temperate 
zone, the length of the day— that is, the 
number of hours and minutes of continu- 
ous daylight— is a far more critical factor 
in determining character of growth than 
is the intensity of the light. For ex- 
ample, the common blue violet is known 
as a typical spring flower. In other 
words, these blue flowers are produced at 
a time of year when the daylight period 
is relatively short. Violets may be pro- 
duced at any season of the year, however, 
by exposing the plants to the proper 
number of hours of light (plate i, A); 
thus even in midsummer typical blue vi- 
olets may be secured by placing the plants 
in an absolutely dark room, and each day 
bringing them out into the sunlight for 
a period of about lo hours. On the other 
hand, the common rosemallow does not 


flower unless it is exposed daily to a light 
period of more than xz hours. Buck- 
wheat, which is capable of producing 
flowers throughout the range of a daylight 
period varying from 5 hours up to 10 
hours, and probably even in continuous 
illumination, is an extreme example of a 
third type of plants, overlapping but 
very distinct from the first two. 

PHOTOPERIODISM 

Gamer has coined the word “photo- 
periodism” to designate these responses 
to length of day, and for convenience in 
describing the behavior of different plants 
has arbitrarily grouped those experi- 
mented with up to the present time into 
(i) short-day, (1) long-day, and (3) ever- 
blooming plants. 

Using the equatorial length of day of 
II hours as a standard, plants belonging 
to the first or short-day group are those 
which can bloom only under a daily light 
period of 11 hours or less; plants of the 
second or long-day group can bloom only 
in a day light length of more than 11 
hours; plants of the third group are cap- 
able of blooming throughout these ranges. 
It should be noted that not only botanical 
species but even horticultural varieties 
and strains differ markedly as to the par- 
ticular length of day most favorable for 
flowering. Furthermore, they also differ 
widely as to the narrowness of the range 
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in day length which will permit flower- 
ing. Climbing hemp-weed, for example, 
can flower only between the daylight 
ranges of 13 J hours to 154- hours, the most 
favorable period being approximately 
between these figures. The Biloxi variety 
of soybeans, however, which cannot 
flower in a day length in excess of 13 
hours and with an optimum flowering 
period of approximately 10 hours, cannot 
be given a sufficiently short light day to 
entirely suppress flowering and maturity. 
The continuity of the light period has been 
assumed in these statements. Alternate 
exposure to i-hour periods of light and 
darkness, although perhaps enabling a 
plant to grow vigorously, is not equiva- 
lent to a iz-hour daily exposure to con- 
tinuous light; and plants which normally 
flower actively in the iz-hour daylight 
period are totally unable to flower under 
alternate hours of light and darkness, 
even though they are thus receiving iz 
hours of light out of the 24. Curiously 
enough, however, a single break in an ex- 
tended daylight period appears to have 
little if any effect upon the response to 
the light period measuring from the 
beginning to the end. A plant, such as 
the Biloxi soybean (plate i, B), capable 
of flowering actively in a ii-hour light 
period will continue to develop in an ap- 
parently identical manner if placed in the 
dark during z hours in the center of each 
light period so that it is actually receiving 
but 10 hours of light daily instead of iz. 
It would thus seem that whatever reac- 
tions or processes may be initiated in the 
plant by the light rays, some time is re- 
quired to bring about these responses, 
and that the momentum of the reaction 
is sufficient to bridge the gap caused by a 
single short dark period in the middle of 
the day. It is not possible, as yet, to 
determine how extensively the light 
period may be broken before interfering 


with its controlling eflect on the plant; 
nor is it possible to determine the limits 
of decreasing intensity of light below 
which plants do not react. It is note- 
worthy, however, that supplementing 
the daily period of sunlight with ordinary 
incandescent lights of approximately one 
one-thousandth of the intensity of sun- 
light is sufficient to bring about the 
flowering response of long-day plants. 

LENGTHENING DAYS WITH ELECTRIC LIGHT 

Equipping an ordinary greenhouse with 
incandescent lights giving an average 
light intensity of about 4 candlepower at 
the surface of the soil was found sufficient 
for bringing many plants into blossom, 
although this light contains practically 
no ultra violet rays and is equally lacking 
in many other rays present in sunlight. 
Even differences in color of light have 
been found of relatively little significance 
in causing or preventing flowering. This 
weak light used to supplement the short 
days of the winter season was turned on at 
sunset and extinguished at midnight in 
each 24 hours. The short-day plants, such 
as common cosmos and narrow leaved sun- 
flower (plate 2, A and B) in the artificially- 
lighted greenhouse were unable to flower 
but continued vigorous vegetative growth. 
When grown in a greenhouse receiving 
only the natural light of the winter day 
but under the same conditions of tem- 
perature and moisture these same species 
of plants, though very small, flowered 
promptly. The long-day plants, on the 
other hand, such as golden rod and Core- 
opsis (plate 3, A and B) grew but poorly 
in the greenhouse receiving only winte*’ 
daylight, while they grew vigorously and 
produced their flow-ers in a normal sum- 
mer manner in tlie greenhouse where the 
winter day was artificially lengthened by 
the electric light. Spinach planted in the 
naturally lighted greenhouse developed a 
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tTpical rosette of leaves throughout the 
winter, while in the eiectrically-iighted 
house it bloomed within 6 weeks of germi- 
nation. Spinach is mentioned particu- 
larly, because hitherto the generally 
accepted idea of the outgrowing of the 
rosette stage and sending up blooming 
stalks of spinach is that it was caused by 
the advancing temperature of summer. 

LOCALIZED ^LOWERING RESPONSE 

The extremely local character of the 
flowering response to the daylight period 
is so remarkable that it deserves special 
consideration. Using cosmos as the basis 
of the experiment, young seedlings prop- 
agated under long-day conditions were 
cut back and forced to develop two ap- 
proximately equal branches. Some time 
afterward cardboard screens were placed 
between the two branches so that each 
branch of the same plant could be given 
different periods of illumination (plate 4, 
A). Under these conditions the branch 
exposed to the short day promptly 
flowered, matured, and passed into a typi- 
cal state of decline following maturity, 
while the branch exposed to the longer 
illumination period continued the vigor- 
ous vegetative type of growth. The 
lower stem of the plant continued to grow 
in harmony with the development of the 
vegetative branch and apparently was un- 
affected by the mature and dying condition 
of the branch which had fruited. Elabo- 
rating “ftese •experiments, specially con- 
structed light-proof boxes were placed 
about different portions of a well devel- 
oped cosmos plant. When the upper 
portion of the plant was exposed to ap- 
proximately 15 hours of light while the 
lower portion was given 10 hours of light, 
flowers promptly developed on the lower 
portion, while the upper portion remained 
in vigorous vegetative condition. When 
both the top and bottom third of the 


plant were exposed to the short light 
period and the central portion was ex- 
posed to the longer light period, flowering 
and fruiting on the top and bottom thirds 
very soon developed while the central 
portion remained vigorously vegetative 
(plate 4, B). If carefully handled, these 
localized responses may be continued for 
several months. In so far as the develop- 
ment of the flowering habit is concerned, 
therefore, it seems that each portion of the 
plant is capable of responding to the stim- 
ulus of the light period in much the same 
manner as if it were a separate plant. 

LIGHT AS AN ECOLOGICAL FACTOR 

The daylight period exerts a very strik- 
ing and determinative influence on many 
phases of growth as well as upon flowering 
and fruiting but before discussing these 
more involved problems especial attention 
should be called to the important action 
of the light period in differentiating 
groups of plants by its limiting effect 
upon their ability to reproduce their 
species. Other environmental factors, 
such as temperature, moisture, and char- 
acter of food supply also exert a selective 
action, but usually each of these factors 
may change throughout a rather wide 
range before the existence of the individual 
plant is jeopardized or its behavior or 
type of growth (as distinguished from 
vigor of growth) is markedly affected. 
The light period, however, exhibits a 
diversity of effect upon different kinds of 
plants of a more far-reaching character. 
Plants which require a long day to flower 
and fruit obviously can not maintain them- 
selves in the tropical zone, where the day 
remains about 12. hours for the entire year, 
even though high altitude may hold the 
temperature well below the danger limit 
for the species. The more extreme type 
of short-day plants are, of course, equally 
out of the question for the tropics. 
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The everblooming groups can follow 
the weather and the soil and can maintain 
a foothold wherever these conditions are 
satisfactory or competition .with other 
plants permit. In so far as records are 
available, it appears that everblooming 
plants are prevalent in the tropics, though, 
in accordance with Gamer’s theory, a 
species or variety might be everblooming 
there and be cither everblooming or a 
spring or a fall flower in the temperate 
zone. Cold weather may delay growth 
and consequently delay flowering, and hot 
weather may hasten it, but if the light 
period is suitable for a particular plant it 
will flower as promptly as the climatic 
conditions permit, while if the light 
period is not suitable, weather changes 
cannot cause flowering. The apparently 
erratic behavior of certain plants brought 
to new areas of approximately similar 
climate is probably to be explained largely 
if not entirely as a length of day response, 
for even a difference of minutes may cause 
a change of growth. 

VEGETATIVE RESPONSE TO LIGHT PERIODS 

To recur to the recent experimental 
work on the responses of different plants 
to the length of the daylight period, the 
changes in the character of vegetative 
growth are as clear and as striking as is 
the change from the vegetative to the 
flowering behavior previously discussed. 
A common spring radish, the Globe 
variety, if exposed to a y-hour day will 
continually enlarge its bulbous root at 
least for a year and probably indefinitely 
(plate 5, A). Similarly, the Irish potato, 
Jerusalem artichoke, and the yam develop 
tubers only under comparatively short 
days. Carrots, on the other hand, do not 
produce a bulbous root under a very short 
day but under a 14-hour day produce the 
typical carrot root, well stored with 
reserve food materials. The silverskin 


onion produces a typical spring onion 
when grown under a lo-hour day, a 
slightly bulbous spring onion under a 
1 3 -hour day, and a typical summer onion 
bulb when grown under a 15 -hour day 
(plate 5, B). In general, it appears that 
plants differ in the light period best 
suited to the production of reserve food 
supplies whether these reserves are de- 
veloped as corns, bulbs, or tubers, or as 
resting buds. In no case in these experi- 
ments has the light period best adapted 
to formation of bulbs or other reserves 
of food material coincided with the day- 
light period best adapted for upward or 
top growth of the particular plant under 
consideration. In this particular the de- 
positing of reserve food apparently differs 
from the flower response for it is not 
impossible for the daylight period suita- 
ble for flowering and for upward or top 
growth of a plant to coincide or at least to 
materially overlap. Comparison of Bald- 
win apple seedlings with seedlings of the 
box-elder emphasizes a wide difference of 
the optimum light exposure for upward 
growth. These apple seedlings grow 
most vigorously when exposed to approx- 
imately 10 hours of light daily and their 
growth is seriously depressed with ex- 
tension of the light period to 14 or 15 
hours (plate 6, A). It is not noticeably 
affected by a light period even much 
shorter than 10 hours. The box-elder, 
however, is scarcely able to grow at all 
with a day as short as 10 hours makes 
its most vigorous growth^ when exposed 
to a 14- or i5~hour day (plate 6, B). 

With these seedling trees, as well as 
with several other plants, it seems possible 
not only to depress vegetative growth but 
actually to carry this depression to the 
point of killing the plant merely by ad- 
justing the light period to one extremely 
unfavorable for vegetative growth. As 
might be expected, there are numerous 
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species of plants for which no light period 
has jct been found that will completely 
suppress vegetative growth unless asso- 
ciated with fruiting and maturity. The 
classical idea of the normal death of a 
plant, especially as applied to annuals, 
is that death should occur following the 
maturation period which accompanies 
flowering and fruiting. While there is a 
very clear correlation existing between the 
fruiting of annuals and their immediately 
subsequent death, this is clearly not a 
necessary sequel. With many annuals, for 
example, the beggar tick, after flowering 
and fruiting has begun, a change of the 
light period to one more suitable for vege- 
tative growth than for flowering will 
re-establish vigorous vegetative growth 
which within the limits of these experi- 
ments at least may be indefinitely pro- 
longed. The death of annuals following 
their fruiting therefore would appear to 
be largely a reaction to an unfavorable 
length of day for vegetative growth exag- 
gerated by the weakening of the plant 
through the strain of formation of flowers 
and development of seed. In both the 
box-elder and the Baldwin apple seedlings 
and in the case of the sumac, tulip-poplar, 
etc. leaf-fall can be brought about by 
shortening the day regardless of the favor- 
ableness of temperature and moisture con- 
ditions, while leaf-fall can be completely 
prevented throughout the winter if the 
short days of w inter are supplemented by 
the use oteieSic light (plate 7, A and B). 
The distinction* between evergreens and 
deciduous perennials may be therefore an 
expression of the reaction of these plants 
to the length of day prevailing in the 
latitudes in which they naturally occur. 

PHYSIOLOGICAL SIGNIFICANCE OF LIGHT AND 
OTHER FACTORS 

It is not the intention of the authors of 
these experiments to indicate that light 
is in itself the sole cause of the remarkably 


diverse growth effects that result from 
changes in the light period. The length 
of day reaction is rather to be regarded 
as one of the most important factors in 
controlling the normal physiology of 
growing plants by modifying the function 
or the activities of the plant cells. Some 
of the experiments briefly referred to have 
demonstrated the comparatively slight but 
consistent changes in acidity of the cell 
sap in different portions of the plant as a 
result of the changes of length of day and 
these changes in acidity are directly cor- 
related with the changes in the growth 
habits. In the case of short-day plants, 
for example, abrupt transfer from a long 
day to a short day causes a sudden and 
sharp decrease in acidity in the region of 
most active growth; this usually occurring 
about 3 to 5 days after the change in light 
period has been made. This drop in 
acidity, which is believed to indicate 
definite transition from the vegetative to 
the flowering condition, is only tem- 
porary and is followed by an equally rapid 
rise to almost the original level of acidity. 
The acidity relations resulting from ex- 
posure to the long days of summer also 
occur when the short daylight period of 
winter is prolonged by use of electric 
light of low intensity. 

To what extent similar changes can be 
influenced in the normal physiology of 
growing plants through changes in tem- 
perature and food supply must be left for 
future experiments. Apparently, how- 
ever, as indicated earlier in this discussion, 
these factors even though they may be 
able to operate in some degree are for many 
plants less important and the reactions to 
them are less sharply definite than is the 
case with the effect of the duration of the 
daily period of light. 

FHOTOFERIODISM AND PLANT BREEDING 

To attempt to point out the practical 
significance of a new factor hitherto un- 



THE QUARTERLY REVIEIV OF BIOLOGY 


recognized in biology is as useless as 
would have been the attempt to predict 
the wireless telegraph and telephone at 
the time of the discovery of Hertzian 
waves . With the proper understanding of 
this new principle of plant growth, how- 
ever, it would seem that not only should 
the work of plant breeders be greatly 
simplified and clarified but the introduc- 
tion of crops into new areas might be 
somewhat less a matter of chance than it 
is at present. Seed production, especially 
of highly specialized varieties of plants, 
should be greatly facilitated. A variety 
of tobacco, the Maryland Mammoth, is 
now established agriculturally solely 
through the utilization of the length of 
day response. In southern Maryland this 


type of tobacco grows to an unusually 
large size, frequently producing more than 
loo leaves to a single plant. Because of 
these characteristics this variety is greatly 
desired for southern Maryland conditions 
(plate 8, A). However, in Maryland, it 
usually does not flower at all, or flowering 
occurs so late that seed will seldom 
mature. As this variety of tobacco was 
found to be a short-day plant, (plate 8, 
B) the problem of securing seed is satis- 
factorily met by growing the seed crop 
in Southern Florida during the winter, 
for under that daylight period the Mam- 
moth variety does not continue its vigor- 
ous giant growth but flowers and fruits 
in practically the same manner as other 
ordinary varieties of tobacco. 
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Diet. Plant at left in flower shows the characteristic behavior under the relatively short days of 
. fall. The plants in the center and at the right were exposed to electric light from sunset till mid- 
supplement to winter daylight. Beginning January 30, however, the daily light period of the center 
reduced to j\ hours. In a few days there was partial loss of turgidity in the leaf stems, resulting 
strate condition to be noted in the photograph. Subsequently the characteristic blue blossoms of 
leared in this plant. This prostrate type of development is a characteristic feature in the development 
dants under short-day conditions. Photographed April 17. 
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A. Sumac. These plants were transplanted in April and remained out of doors till September S. when thev 




A. Crop of Maryland Mammoth tobacco growing in southern Maryland where tin 
or mature seed. 

B. Maryland Mammoth tobacco. The plant at the left received only the daylight pi 
in the greenhouse^ the plant at the right was grown under the same conditions, except th 




RECENT DISCOVERIES IN THE BIOLOGY OF AMEBA 

By a. a. SCHAEFFER 


Zoological Laboratory, 

I ameba, from the moment 
of its discovery to the pres- 
ent, has stirred the imagi- 
nation of biologists. Roesel 
von Rosenhof, that indefatigable amateur 
naturalist, who first saw and described a 
large ameba in 1755 (der kleine Proteus) 
was fascinated by this extraordinary 
creature which was so different from any 
living thing he had seen before, for, he 
says, he “frequently spent two or three 
hours in observing it.” He saw and 
described the more conspicuous character- 
istics of the ectoplasm and the endoplasm, 
the crystals, the manner of movement and, 
surprisingly enough, he records and figures 
a case of reproduction by division, and 
relates how he performed microdissection 
on an ameba by means of a sharply pointed 
quill. This must be considered a most 
excellent contribution to the knowledge 
of the ameba by a man whose profession 
was the wholly unrelated one of minia- 
ture painting and whose hobby was not 
j^rotozoa but insects. 

The word “ameba” is used as a com- 
mon noun in this and my previous papers 
"to rcTSr in a ’general way to any or all 
of the species of the several dozen genera 
comprised under the sub-order Amoebaea. 
A review of recent work on the ameba 
will perhaps be more illuminating if one 
recalls something of the historical back- 
ground for the numerous investigations 
on this organism within the past few 
decades, for the ameba and its immediate 
relatives have figured prominently in the 
development of some of the most impor- 
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tant principles underlying the science of 
biology. Let us therefore continue for a 
few moments the historical account of 
how the ameba has come to be one of the 
classic organisms for the investigation of 
the fundamental properties of protoplasm. 

After Roesel, nothing of importance 
was added to the knowledge of the ameba 
until it came under the eye of the great 
French naturalist Dujardin in 1841, who, 
because of his studies of the pseudopods 
of amebas and foraminifera, made the 
profound discovery that the gelatinous 
substance of these organs, the protoplasm, 
is the physical basis of life. For boldness 
of conception, far reaching significance 
and liberating quality, this remarkable 
concept may well be considered without 
a parallel in the history of biology. It 
required the living matter in its pure form, 
so to speak, as it is observed in amebas and 
foraminifera to disclose the great funda- 
mental truth that was destined to destroy 
the mass of mystical and fanciful notions 
which for a long time had kept the study 
of living organisms from becoming scien- 
tific. 

This discovery inevitably began to 
transform biology from a study of or- 
ganisms as a collection merely, of curious 
or interesting objects, to the serious study 
of the properties of living matter. With 
the extension of Dujardin’s conception by 
Max Schultze, another great student of 
the rhizopods, who demonstrated the 
general identity of plant and animal proto- 
plasm, the ameba, as indeed every other 
organism, could be studied not merely to 
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understand that organism, but to explain 
at the same time the manifestations of 
protoplasm in my plant or animal what- 
soever. 

It required, however, the establishment 
of the principle of evolution to justify 
completely the method of reasoning from 
one organism to another with respect to 
the properties of living matter. The pres- 
ent-day biologist would no more think 
of questioning the soundness of this form 
of reasoning than he would question the 
validity of the multiplication table. 
Every organism is a “flower in the cran- 
nied wall.” 

With the general acceptance of the 
principle of evolution the ameba suddenly 
became the centre of new interest, for, 
because of its extremely simple structure, 
it necessarily found itself at the root of 
the family tree representing the primitive 
ancestor of man and the animals; and it 
naturally became of great importance 
theoretically, therefore, to know more 
about the structure and especially the 
physiology and the behavior of this living 
representative of the most ancient ances- 
tor of man. 

The most distinctive property of the 
ameba is of course its peculiar manner of 
movement due to protoplasmic streaming, 
but this property which was first described 
by Roesel, was later found to be present 
in greater or less degree in the protoplasm 
of a great many other organisms, plants 
as well as animals; and it is now supposed 
by many zoologists to be essential in the 
embryological differentiation of the higher 
animals. The results of investigations on 
ameboid movement therefore have always 
been of very wide interest, and this 
phenomenon is still best studied in the 
ameba. Many physiologists also hold 
that the simplest form of muscular con- 
traction, as well as ciliary and flagellar 
contraction, is some form of ameboid 


movement and every contribution to the 
knowledge of ameboid movement is be- 
lieved also to contribute to an explana- 
tion of these forms of contraction. And 
finally, the discovery of a number of 
parasitic species of amebas has greatly 
increased the interest in these organisms 
from still another point of view. Because 
of the prominent part the ameba has thus 
played in the development of the basic 
conceptions of zoology, it takes its place 
with the dog and the frog in the great 
“Zoological Trinity,” as outstanding in- 
spirers of basic research. 

CYTOPLASMIC BITFERENTIATION. 

In a discussion of the recent advances 
in the knowledge of the structure of the 
ameba, it may be well to take up first 
those parts of its morphology which were 
discovered first, namely, the ectoplasm 
and the endoplasm. Here, unfortunately, 
confusion has arisen as to the meaning of 
these two words. Thus the word ecto- 
plasm is used to denote, for example; i, 
the outer clear layer of an ameba as 
distinguished from the granular contents; 
z, the outer stiffer layer; 3, the clear part 
of the outer stiffer layer; 4, clear proto- 
plasm wherever it occurs in the ameba. 
And by implication the endoplasm is, of 
course, in each case the rest of the proto- 
plasm. Now it goes without saying tha'i. 
it is clearly in the interest of science to 
use these words with definite meanings, 
and in this case it seems besrto follow m?" 
rule in such matters, namely, adopt the 
original meaning proposed for the words, 
if practicable, Haeckel originally pro- 
posed the words and defined ectoplasm as 
the stiffer outer layer while endoplasm 
referred to the internal more fluid layer. 
These are the meanings adopted in this 
paper. In addition, the qualifying terms, 
“clear ectoplasm,” “granular ectoplasm,” 
etc., will be found useful, since there is 



RECENT DISCOVERIES IN BIOLOGY OF AMEBA 


wide variation in the amount and distribu- 
tion of granules in both the ectoplasm and 
the endoplasm of the various species of 
amebas. 

The conversion of endoplasm into 
ectoplasm at the anterior end of an ameba 
and the reverse process at the posterior 
end, producing thus a kind of circulation 
as the ameba moves along, was first 
clearly enunciated by Biitschli, but the 
occurrence of this process in those amebas 
with a very stiff ectoplasm was questioned 
by Jennings (’04), who believed the 
ectoplasm to be something like a per- 
manent sac in which the ameba rolled 
along, as it were. The evidence for this 
conclusion consisted largely in the obser- 
vation of the movement of small particles 
on the surface of the ameba during locomo- 
tion. This quality of the ectoplasm has 
been investigated recently by Howland 
(’14), who used a microdissector in her 
work. Numerous experiments confirmed 
the generally accepted belief that the 
ectoplasm in Thecamoeba (Amoeba^ vmucosa 
is very firm, a convincing demonstration 
consisting in rupturing the ectoplasm and 
then pulling it off the endoplasm in toto as 
one might pull an inverted sack off its 
contents. Howland also showed that 
ectoplasmic wounds heal rapidly and that 
large areas of new ectoplasm are made 
during every act of defecation. It had 
been observed before that ectoplasm is 
3 aade and a little later destroyed, when- 
ever aibod cup is made for the purpose of 
eating a particle of food. 

The change from ectoplasm to endo- 
plasm and the reverse has also been sub- 
jected to experimental analysis, and aside 
from the effect of change of temperature 
which has often been noted to change the 
rate of ameboid movement, presumably by 
changing the viscosity of the protoplasm, 
it has been found that by mechanically 
agitating an ameba the ectoplasm in large 
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part can be transformed into endoplasm 
even though no locomotion takes place; 
and by injecting a trace of acid (HCl) into 
an ameba some endoplasm is transformed 
into ectoplasm, while the injection of a 
trace of alkali (NaOH) has the reverse 
effect (Chambers, ’2.1). 

It is of great interest of course to know 
what factors are concerned in the conver- 
sion of ectoplasm into endoplasm and the 
reverse, since neither the morphology of 
the ameba nor its characteristic form of 
movement can be underscood unless these 
factors are known. And it is also recog- 
nized that an understanding of the relation 
between ectoplasm and endoplasm will 
go far in furnishing an explanation of 
similar changes in the protoplasm of many 
other animals and plants, especially in 
animal eggs at the time of fertilization, 
mitosis, cleavage, etc. The general prob- 
lem has therefore been attacked in a num- 
ber of organisms by experimental methods. 
The earlier tentative hypothesis in ex- 
planation of the difference between ecto- 
plasm and endoplasm was based on a 
difference in viscosity, which was gen- 
erally assumed to be brought about nor- 
mally by some metabolic process, in 
analogy to changes in viscosity occurring 
in inert fluids such as pitch, solutions of 
gelatin and the like. The explanation 
seemed satisfactory enough while ' this 
subject was still in the observational 
stage; but when the matter began to be 
tested experimentally by means of micro- 
manipulators in the hands of Kite and 
Chambers and in various other ways by 
Hyman, Spek, Heilbrunn and a number of 
other investigators, it was found that 
the results of this work did not seem 
consistent, probably because they did not 
fall in line with the prevalent simple 
assumption based on a difference of 
viscosity. To illustrate: it has been 
observed that amebas move more slowly 
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as the temperature is decreased from the 
optimum towards zero. Many viscous 
fluids, molasses for example, do the same 
at the same temperature. One may as- 
sume, therefore, as has been done, that the 
slowing down in the rate of movement is 
caused merely by a difference in viscosity 
as a direct result of changes in tempera- 
ture. But it requires energy to move 
protoplasm, and this is of course derived 
from some form of metabolism, that is, 
chemical change. Now it is also known 
that such chemical changes as are likely 
to occur in protoplasm, occur less rapidly 
or less extensively in lower than in higher 
temperatures. It is possible therefore 
that at least a part of the effect of the 
slowing down of movement with a de- 
crease of temperature is due to a decreasing 
amount of available energy, and that the 
temperature effect on viscosity is, to a 
considerable extent, an indirect effect. 
There is a considerable body of data bear- 
ing on this general subject consisting 
mostly of isolated observations, but so far 
it has not been possible to interpret them 
satisfactorily from a single point of view. 

PLASMA MEMBRANE 

In addition to the ectoplasm and the 
endoplasm, which can be distinguished 
from each other by their physical con- 
sistency, there is an extremely thin outer 
fluid layer on the ameba which can be 
demonstrated satisfactorily only by its 
power of carrying small particles adhering 
to it, toward the anterior end of a moving 
pscudopod (Schaeffer, ’lo). Observa- 
tions and measurements on the activities of 
this layer indicate that it is the plasma 
membrane or at least a part of it, and there- 
fore of great physiological interest. It is 
one of the very few cases where a visible 
demonstration of this membrane is possi- 
ble. Since this layer has mistakenly been 
supposed, in some instances, to include 
some or all of the stiffer ectoplasm lyin^: 


immediately underneath, it may be well to 
state the essential characteristics of this 
layer as determined by observation (fig. 4). 

First, it has been found to exist in a 
large number of species of amebas of vari- 
ous sizes and shapes. Second, its exis- 
tence as a structure distinct from the ecto- 
plasm is shown by the fact that particles 
adhering to it on the outside are seen to 
move forward over the stationary crys- 
tals or other granules imbedded in the 
ectoplasm, and especially by the rate of 
movement which in some species (The- 
camoeba sphacronuckosus) may be as high 
as 3.5 times as fast as the ameba itself 
moves. Third, this layer over the entire 
free surface of the ameba moves toward 
the active anterior end at varying rates 
over different parts of the surface, while 
the ameba is in locomotion. The sub- 
stance of the layer must therefore be 
continually destroyed at the active an- 
terior end of the ameba and be contin- 
ually recreated at the posterior region of 
the ameba. Fourth, the layer is ex- 
tremely thin, being probably less than 
one micron in thickness. Accurate 
measurements are difficult to make 
directly owing to its extreme thinness 
and to diffraction of the light at the sides 
of the ameba. The substance of the layer 
is presumably protoplasmic, and the cause 
of the movement, if it is a surface tension 
effect, is due rather to an increase of ten- 
sion at the anterior end than a decreasejg, 
the posterior region, since in those amebas 
which form ectoplasm to greater or less 
extent over the anterior half of the body, 
the particles move toward the anterior 
end much less rapidly than in those amebas 
which form ectoplasm only at the anterior 
edge. 

VARIATIONS IN PSEUDOPODS 

One of the most interesting features of 
the structure of amebas is found in the 
varied size and shame of the -Dscudopods, 
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although we have at present little more 
than descriptive knowledge of these or- 
gans. For convenience of discussion it is 
well to characterize certain more or less 
distinctive features of pseudopods by 
descriptive names. In the first place it is 
desirable to restrict the name pseudopod to 
extensions of protoplasm on an ameba 
greater than a hemisphere. Lesser exten- 
sions constantly occur in all amebas and 
it would be an aid to clearness of descrip- 
tion to call these extensions “waves,” as 
some writers, in fact, do. Again, for the 
sake of clearness, it is not advisable to 
use the name pseudopod in referring to the 
whole of a limax ameba; even in amebas 
it is desirable to indicate whether one is 
speaking about the whole of one or only a 
part of the animal. 

For a full discussion of the name of 
the common large ameba (Chaos diffiluens 
Muller — Amoeba fro feus Pallas emend. 
Leidy emend. Schaeffer) reference may 
be made to my paper, 192.6 Carnegie In- 
stitution of Washington Publications, 
No. 345; and for description of the spe- 
cies reference may be made to my earlier 
paper (’17) and book (’2.0). The 19x6 
paper also contains observations on a 
number of other species and genera 
mentioned in the present paper. One 
cannot observe this ameba in normal 
movement without noticing that at 
practically all times some one pseudo- 
is., the main pseudopod through 
which the ameba flows on. A series of 
camera lucida sketches of the ameba at 
intervals of half a minute, for half an 
hour, illustrates very graphically the 
presence of a main pseudopod which may 
preserve its identity for half an hour or 
more while all other pseudopods within a 
minute or two after formation are with- 
drawn. This form of ameboid movement, 
far from being the general method of 
locomotion among amebas, is in reality 


found only in a very few species. A main 
pseudopod is in fact characteristic of only 
four other common species: Metachaos 
discoideSy M. annulata, M, gratum, M. 
laureata. 

If one sketches, by way of comparison, 
the form changes of another common large 
species (Polychaos dubid) in a similar way, 
it is seen that the pseudopods, which at 
first sight strongly resemble those of the 
amebas just mentioned, are really formed 
in quite a different way. No main pseud- 
opod is distinguishable. This ameba, 
which usually resembles a hand with 
the fingers spread out, flows forward 
through two or more pseudopods at the 
same time, and keeps itself from dividing 
into several parts by forming web-like 
extensions continually between the bases 
of the pseudopods. Although at times 
one or other of the pseudopods flows 
more rapidly than the others and thus 
acquires the character of a main pseu- 
dopod, this distinction is only temporary. 
The torch of leadership is, as it were, con- 
tinually passing from one to the other 
among the several leading pseudopods. 

Both these types of pseudopods agree, 
however, in one important characteristic, 
namely, they increase in size sufiiciently 
to permit the whole ameba to flow 
through them. That is, they are of 
indeterminate size. 

In contrast to these amebas there are a 
large number of species which form pseu- 
dopods that never enlarge beyond a cer- 
tain size, when they are withdrawn. 
Such determinate pseudopods are charac- 
teristic of a common fresh-water ameba 
of rather small size, Mayorella higemma, 
and several species of marine amebas be- 
longing to the same genus (fig. i, d). 
The species bigemma is characterized by a 
triangular or polygonal body while in 
locomotion, with numerous conical pseu- 
dopods scattered over the anterior part of 
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the body. The7 are especially conspicu- 
ous along the anterior edge. The entire 
anterior edge of these amebas advances 
during locomotion although occasionally 
lobes develop through more rapid flowing 
of some part of the edge, producing in 
extreme cases a Y-shaped body. The 
polygonal shape is, however, quickly re- 


microns and then are withdrawn or they 
may be continuously projected as small 
conical points, while the spaces between 
them advances in the form of a web, for 
considerable distances. These “false 
feet” might therefore better be looked up- 
on as “toes” which lead the way in loco- 
motion. There is some property in the 



Fig. 1. Sketches op Dipperent Species op Amebas to Show Various Kinds op Pseudopods and Ectoplasmic 

Ridges 


Chaos diffluens (^Amoeba proteusX' h, Folychaos dubia; c, Trkhamseba clava; d^ Mayordla higanmai Panfifex 
maximus; /, Astramoeha fiagelUpdlaj g. Thecamoeba verrucosa; h, Hyalodiscus caeruUus; z, Flahdlula citata; Coch- . 
liopodium gulosum. Determinate pscudopods in d^ j; indeterminate pseudopods in aC'b. Note hair^if*” 
uroidal projections in r, and spiral pseudopod in/. 


sumed again by the withdrawal of one of 
the limbs of the Y. The ameba thus 
changed its direction of movement by the 
unusual method of forming an indeter- 
minate pseudopod. But while this was 
going on and at all other times of active 
movement, the advancing edge carried a 
dozen or more small conical pseudopods 
which enlarge to a length of ii or 15 


protoplasm of this ameba which prevents 
the advancing wave of protoplasm be- 
tween the conical pseudopods from catch- 
ing up with the tips of the pscudopods. 

But the most perfect example of deter- 
minate pseudopods is found in a large 
marine ameba which is remarkable from 
several other points of view. In this 
ameba (Fontifex maximus) in which no 
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coordinated locomotion has been dis- 
covered, small needle-like pseudopods bris- 
tle out all over the animal, especially 
when disturbed (fig. i,e). They resemble 
somewhat the spines of some cacti. The 
pseudopods are of clear protoplasm, about 
iz microns long by i micron thick, and 
arise from a bulbous base. There is very 
little variation in size or shape. The first 
stage in the formation of these pseudopods 
is the extension of a thin tongue of clear 
protoplasm, projected into the water from 
a papilla of clear protoplasm. This 
tongue is of slightly irregular shape and 
may wave about slightly in the water. 
Very soon, however, it reaches the size 
indicated beyond which it cannot grow 
and then its protoplasm becomes set and 
the pseudopod becomes rigid. The pro- 
toplasm as it were, has filled the mold; 
there is nothing to do now but to with- 
draw. This process is accomplished by a 
softening of the protoplasm, whereupon 
the pseudopod becomes crooked and 
gnarled as it shrinks and finally disappears 
into the ameba. These determinate pseu- 
dopods, each of which represents about 
1/100,000 or less of the bulk of the entire 
ameba, stand in strong contrast to the 
determinate pseudopods mentioned above 
which take in the whole ameba, and indi- 
cate important structural differences be- 
tween the protoplasms of the two species 
of amebas. 

The distinction between determinate 
and indeterminate pseudopods reaches 
over also into g^nother activity of the 
ameba, that of eating. It is well known 
how the common large amebas eat by 
flowing around the food object, enclosing 
it in a food cup. One or more pseudopods 
may take part in the formation of a food 
cup depending upon the size and location 
of the food body (Kepner and Taliaferro, 
’17). But only indeterminate pseudopods 
can be used in the feeding process. Pscu- 


dopods of limited size cannot adapt them- 
selves to the formation of food cups, and 
amebas which form pseudopods of this 
character envelop their food by projecting 
broad waves of protoplasm over and 
around the food particle, as do also those 
amebas which form no pseudopods what- 
soever (Thecamoeba verrucosa) (fig. i, g). 
Since determinate pseudopods have been 
found not to take part in either of the two 
important activities of the ameba, locomo- 
tion and feeding, it is difficult to see 
what function, if any, they perform. 

There is another type of small pseu- 
dopod which, although it is of deter- 
minate character, nevertheless possesses 
several distinctive qualities which sets it 
part from the determinate pseudopods 
,ast mentioned. These small pseudopods 
are the small root-like projections of clear 
protoplasm which extend backwards from 
the posterior end of the amebas belonging 
to the genus Trich amoeba (fig. i, r). 
These projections which may be referred 
to collectively as the uroid, apparently 
play a part in locomotion. It has been 
observed that these projections which 
are extremely difficult to see in many 
cases, are fastened to the substratum while 
the ameba is in locomotion and serve to 
keep the ameba, which is in clavate shape, 
from rolling over. But how these uroidal 
projections release their hold on the sub- 
stratum and fasten down again, as they 
obviously must do during locomotion, has 
not been observed. It has been deter- 
mined, however, that they may be formed 
very quickly and that they are probably 
present in all large clavate amebas with 
very “fluid" protoplasm. They vary in 
number from several score or more ex- 
tremely thin hairlike projections to half a 
dozen or so larger rootlike and gnarled 
and, it may be, branched extensions, de- 
pending upon the species. These uroidal 
extensions are of course not to be confused 
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with the wrinkled remnants of withdraw- 
ing pseudopods frequently observed at 
the posterior region of many large amebas. 
The character of the uroid is a valuable 
characteristic in the determination of 
species. 

It is usually assumed that pseudopods 
move only when or because endoplasm is 
flowing in or out of them, and this is 
undoubtedly typical of them. There are 
exceptions, however. An interesting case 
is the tentacle-like motility of the pseu- 
dopods found in the amebas belonging 
to the genus VexilUfera. These amebas 
project numerous pseudopods of the de- 
terminate type, resembling those of May- 
onlla^ but there arc usually some at the 
anterior edge much longer than the rest 
which wave about in the water more or 
less actively for 2.0 seconds or longer be- 
fore they are retracted. Waving pseu- 
dopods are more frequently formed when 
locomotion has slowed down than when 
the ameba is moving actively. 

Another interesting case of moving 
pseudopods is found in Astramoela flagdli- 
pdia, in which the pseudopods are thrown 
into loose spirals of three or four turns 
and kept in motion (fig. i, /). The tip of 
the pseudopod makes one revolution in 
about three seconds, the movement being 
like that of a flagellum. The body of the 
ameba of course remains stationary during 
these movements, which makes it clear 
that the spiral pseudopod is not like a 
rigid corkscrew being rotated on its long 
axis, but dynamic, the turns continually 
forming at the free end and disappearing 
at the base of the pseudopod. If such a 
process occurred rapidly the pseudopod 
would act like a propeller, pulling the 
ameba through the water. Theoretically, 
this kind of a pseudopod might perhaps be 
considered as a stage between the inde- 
terminate pseudopod and a functional 
flagellum. Static spiral pseudopods arc 


occasionally observed in a number of 
species of amebas. 

All the different kinds of pseudopods 
mentioned thus far can be projected freely 
into the water out of contact with a solid 
body. It remains now to mention the 
small pseudopods seen on many species of 
amebas around the periphery of the ad- 
vancing sheetlike waves of protoplasm, 
which apparently are not projected freely 
into the water (fig. I ;)• These pseudopods 
are very difficult to see owing to their 
great transparency and minute size, being 
sometimes less than a micron in length. 
In other particulars, however, they resem- 
ble the conical determinate pseudopods 
described above. These pseudopods are 
observed most frequently among those 
amebas that move by means of thin waves 
of protoplasm, such as Cochliopdium, 
Gihhodiscusy Hyalodiscus, and some species 
of Thecamoeha. 

“hairy” amebas 

Hairy frogs find their counterpart among 
the amebas, for there are three species of 
“hairy” amebas (Wailes; Schaeffer, ’15). 
Two of these species have minute perpen- 
dicular hair-like entensions on the outer 
surface which in one of these species are 
about one micron long, extremely thin 
and arranged in a hexagonal pattern with 
the “hairs” placed one-half micron ffbm 
each other. Of their nature nothing is 
known except that they persist after the 
death of the animal. Another species of 
ameba belonging to the genus PonPifex, 
has much longer projections. These are 
ten microns long and one micron thick and 
cover the outer surface so thickly as^to 
resemble a coat of fur. This resemblance 
is heightened by the slightly matted 
appearance of the projections. The color 
of these projections is a light grayish 
brown which aids in completely obscuring 
the underlying protoplasm of the ameba 
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over considerable areas. These projec- 
tions also persist after the death of the 
ameba. 

ECTOPLASMIC RIDGES 

The ridges which occur normally in the 
ectoplasm of a number of amebas form an 
important part in any general discussion 
of the ectoplasm, but comparatively little 
attention has been paid to these structures 
in the past few years. Leidy first gave a 
good description of the folds in the com- 
mon large ameba and he also first saw the 
longitudinal walls of ectoplasm within the 
general endoplasmic stream. From that 
time to this, these important structures 
seem not to have been seen by a single 
author of a new theory of ameboid move- 
ment based upon this ameba, for no men- 
tion is made of them! 

Longitudinal ectoplasmic ridges are 
found in a large number of species of 
amebas. In the family Thecamoebidae, 
to which the common Thecamoeha verrucosa 
belongs, longitudinal ridges are a family 
character, and a considerable number of 
species of the Mayorellidae possess ridges 
(fig. I, d, g). Ectoplasmic ridges are not 
formed in the same way in all cases. In 
the Thecamoebidae the longitudinal 
parallel ridges are continually being pro- 
longed at the anterior edge of the ameba 
an*d continually destroyed at the posterior 
end, while the ridges as such retain their 
identity for many minutes, as long in fact 
as the ameba retains a more or less straight 
path. In the Mayorellidae the ridges 
frequently develop as a buttress extending 
backwards from a conical pseudopod, 
which as has been stated above, frequently 
persists for a comparatively long time. 
The ridges in the common large ameba are 
formed in a different way again. In this 
species the ridges are formed mostly along 
the whole length at once, by a wave-like 
outpushing perpendicular to the long 


axis of the ameba. Occasionally such 
ridges are prolonged at the anterior end 
for a short time, but only in rare cases is 
a ridge found to be as long as the ameba. 
The part of the ectoplasmic wall bordering 
on the ridge or lying between two ridges 
and not rising up with it becomes event- 
ually one of the ectoplasmic walls within 
the endoplasm described by Leidy. 

The width of these ridges is of consider- 
able interest in a study of the general 
morphology of amebas. How small an 
ameba may be expected to show sufficient 
morphological diffierentiation to enable 
one to recognize it in the living state? 
Smaller, apparently, than any ameba now 
known. The ridges in a new species of 
marine Thecamoeha whose description has 
not yet been published, are only from 0.5 
to I micron wide while the ameba itself is 
only 10 microns wide and long. Another 
new species closely related to it is 12. 
microns wide and possesses 3 to 5 charac- 
teristic ridges of about the same width. 
There seems to be no reason therefore why 
a ridge of the Thecamoeha type should not 
be found on an ameba as small as x or 3 
microns, which is the lower size limit for 
known amebas. In other words there 
would seem to be no limit imposed upon 
the existence of recognizable morphologi- 
cal structures in the Thecamoebidae at 
least, upon which specific distinctions may 
be based. 

This great array of organs which the 
ectoplasm can construct : the various 
kinds of pseudopods, uroids, ridges, ecto- 
plasmic walls and “hairs,” together with 
other structures and modifications not 
here mentioned, in the various species of 
amebas cannot fail to excite interest in this 
layer of extraordinary potentialities . The 
student of the physical properties of 
protoplasm in so far as form is con- 
cerned, can certainly find a rich supply of 
material in these structures for experimen- 
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tai work. The ectoplasm possesses its 
characteristic qualities, however, only 
because of its position; that is, the endo- 
plasm which may at any moment become 
ectoplasm possesses the same qualities 
as the ectoplasm but in a latent form, as it 
were. But there are distinctive structures 
of various kinds found in the endoplasm 
which indicate the existence of still other 
properties in ameban protoplasm not 
exhibited by the ectoplasm. We may 
consider a few of these. 

ENDOPLASMIC CRYSTALS 

A very common inclusion of the endo- 
plasm are the crystals. They occur in 
various sizes and shapes depending upon 
the species. They are found singly al- 
most always, but in Mayorella hi gemma 
they are always twinned. So far as 
known the crystals are enclosed in small 
watery vacuoles, each in its own vacuole. 
Their composition is not definitely known 
although it is believed that one of the 
phosphates of calcium is the chief, possibly 
the only constituent. 

Curiously enough, the crystals were 
seen and described (Roesel, 1755) and 
measured (Ehrenberg, 1838) before the 
nucleus and the contractile vacuole were 
seen. After Ehrenberg, however, prac- 
tically no notice was taken of the crys- 
tals until Penard (’02.) in his great work 
on the rhizopods described crystals in 
several new species of amebas. But 
Penard was somewhat inclined to doubt 
whether crystals possessed characteristics 
stable enough to base specific descriptions 
thereon. It was found, however, by 
using the isolation pedigree method with 
three common species of amebas, that the 
characters of the crystals are characteristic 
of the amebas in which they occur, 
under ordinary conditions (Schaeffer, ’17). 
In later studies a number of other species 
of amebas were found also to contain crys- 


tals whose characteristics possess specific 
value. In this work a polariscope is 
very useful because the degree of optical 
activity of the crystals in at least some 
species of amebas varies somewhat if 
abnormal amounts of food are ingested, 
the crystals under these conditions be- 
coming less clear and sometimes irregular. 
Most amebas carrying large crystals 
possess only one kind or size of crystal 
under average conditions; a few possess a 
a second or a third kind in small number; 
while one species, the common Roly chaos 
dubia, normally possesses at least four 
varieties, each of which varies within 
rather wide limits, the wide degree of 
variation furnishing here the specific 
crystal characteristic. In this species 
the bipyramidal variety predominates, 
sometimes almost to the exclusion of the 
other varieties, when food is very scarce 
and mostly of vegetable nature. In gen- 
eral, however, the crystals vary less under 
normal or adverse conditions than the 
pseudopods, the contractile vacuole or 
even the general shape of the nucleus. 
Under uniform general conditions the 
crystals remain uniform. 

Very little is known about the origin, 
significance or fate of the crystals. There 
are general reasons for believing that they 
arise as by-products of metabolism and 
that they are to be regarded as w^stc 
products. No instances of the excretion 
of crystals are recorded, but on the con- 
trary the number of crystals markedly 
increases in the larger species when divi- 
sion does not take place regularly, so 
that after a week or two the ameba is little 
more than a sac of crystals (Schaeffer, 
’lo). This condition is usually fatal. It 
is probable therefore that crystals are 
never excreted and that their number is 
kept down by division of the ameba, 
reproduction thus being In effect, a form 
of excretion. 
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CONTRACTILE VACUOLES 

One of the most conspicuous inclusions 
in the endoplasm of some of the larger 
fresh water amebas is the contractile 
vacuole, seen first by Ehrenberg in The- 
camoeba verrucosa^ although nothing of its 
true nature was recognized at the time. 
Subsequent observations gradually led to 
the generalization that fresh water amebas 
possess contractile vacuoles while salt 
water forms do not, but recent study 
of marine amebas has shown that 
several species of Thecamoeba possessing 
thick ectoplasm contain contractile vac- 
uoles pulsating just like those in the 
fresh water species. And it was also 
found that a number of other marine 
species of amebas when transferred to 
fresh water formed contractile vacuoles 
within themselves which pulsated charac- 
teristically. 

Of the actual structure of the contractile 
vacuole comparatively little is known. 
It has been established that the vacuole 
consists of a drop of fluid which slowly 
gathers in the endoplasm and is then at 
intervals emitted to the exterior through 
a small pore in the ectoplasm. The rate 
of contraction is much more irregular than 
that observed in the ciliates, but no de- 
tailed study seems to have been made of 
mis function. It has been shown re- 
cently that the vacuole is enclosed in an 
extemporized membrane which preserves 
its identity wten dissected out and placed 
in the culture medium (Howland). 

METAPLASTIC GRAINS 

The so-called “excretion spheres,” “nu- 
trition spheres” (Hayes), or “meta- 
plasmic grains” are another kind of 
inclusion within the endoplasm of a large 
number of species of amebas. These 
bodies, which range from a fraction of a 
micron to about lo microns in diameter. 


105 

are usually of a bluish or greenish color 
of varying intensity, depending upon the 
species, and occur in varying number de- 
pending upon the amount of food availa- 
ble. Recently a study has been made by 
means of stains to learn more about the 
composition of these bodies, with the 
result that they seem to be composed 
mostly of starch (Hayes), It may be 
mentioned here that in the common large 
living ameba, these bodies move around 
slightly in the protoplasm, apparently of 
their own accord, resembling an exagger- 
ated but slowed down Brownian movement 
(pedesis), a movement possibly due to 
differences in surface tension arising out of 
the deposition or solution of its substance. 
Similar spheres or grains are found in the 
pelomjocas, sometimes in large number 
(Pelomyxa falusfns^ P. schkdtl), and es- 
pecially in the parasitic amebas where 
very large bodies have been described 
under the name of glycogen. Whatever 
may be the exact nature of these bodies, 
there is general concensus of observation 
that they are reserve food bodies, that they 
increase in number during periods of 
abundance of food and decrease in number 
and size when food is scarce. 

Whether the small grains in the pe- 
ripheral zone of protoplasm of a number of 
species of Cochliofodium have a composition 
similar to the metaplasmic grains men- 
tioned above is doubtful, because the 
size of these grains seems to vary very lit- 
tle. These grains are roughly spherical, 
only a fraction of a micron in diameter 
and are difficult to see. They are of 
great interest because they are arranged in 
one layer only in the thin peripheral zone 
of otherwise clear protoplasm, at nearly 
equal distances from each other, in such 
a way as to lie in rows which radiate in 
curved lines with their origin in the central 
mass of protoplasm. The arrangement 
suggests that of the seeds in the outer 
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zone of a sunflower head. The pe- 
ripheral zone of protoplasm is in constant 
movement while these amebas are in 
iocomotionj nevertheless these grains 
maintain their arrangement as described. 
This phenomenon indicates the presence 
of physical forces in the granules or in the 
protoplasm which would hardly be sus- 
pected if the granules were not limited to 
one layer by the thinness of the protoplasm 
of the peripheral zone. 

Numerous other kinds of inclusions oc- 
curring more or less frequently in the 


is visible in the living ameba where the 
nucleus is single or double and not entirely 
obscured by food bodies. In color it is 
bluish green or greenish blue, of a some- 
what more intense hue than the clear 
protoplasm, if the chromatin is evenly 
distributed. If the chromatin is unevenly 
distributed or exists in discrete grains, 
the color indicated attaches only to the 
chromatin. The nuclear membrane is 
always clear. The nucleus exists in three 
t3rpical shapes: ovoidal, spherical and 
discoidal. The best examples of the 









Fig. 1. Sketches Illustrating the Distribution of Peripheral Chromatin in Various Species op Amebas, 

All Except / in Optical Section 

In single central masses : Flahellula citata; Thecamoeha hilla; in irregular shaped islands on nuclear mem- 
brane: r, Rugtpes d, Cochliopodium datum; Thecamoeha mundajf, Karyamoehim falcata; g, Endamoeha nana; in 
small grains; h, Chaos difflutns; i. Chaos chaos; Councilmania muris; k, Mayorella bigemma. 


endoplasm such as permanent vacuoles, 
chromidia, chromatoidal bodies, zoo- 
chlorella, symbiotic bacteria, mitochon- 
dria, etc., cannot be discussed here with 
profit owing either to their infrequent 
occurrence or lack of definite knowledge 
about them. 

NUCLEUS 

The nucleus is of course the most im- 
portant of the endoplasmic inclusions 
because of the essential part it plays in 
metabolism and reproduction. A nucleus 


ovoidal shape are Folychaos dubia^ whose 
nucleus is a stout regular ovoid; Thecamoeha 
hilla, whose nucleus has the shape of a 
slender ovoid that is almost kidney 
shaped; and Trkhamoeha' caerulea which 
has about 15 small regular ovoidal 
nuclei. Discoidal nuclei are found ip. 
Metachaos discoides and in the common 
large ameba. In the older and larger 
individuals of the latter species, the dis- 
coid nucleus sometimes becomes folded 
into an irregular mass. Most of the 
amebas have a spherical or nearly spherical 
nucleus, especially the smaller species. 
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CHROMATIN 

With respect to the arrangement of the 
chromatin in the living “resting” nucleus, 
four main types occur: i, in a homogeneous 
mass in the form of a hollow or an appar- 
ently solid sphere or ovoid, with the 
nuclear membrane immediately outside of 
it or at some distance from it — Cochliop- 
dium^ Hyalodiscus, Elahellula^ most Th- 
camoeha, Endamoeha — the majority of 

amebas belong to this group (fig. 2., 
a, b); T, in large islands irregularly 
placed, immediately beneath the nuclear 
membrane, with or without a clearly 
distinguishable karyosome in or near the 
centre (fixing and staining often results in 
displacing the karyosome into excentric 
positions ) — Cochliopodium clarum, Rugipes 
Karyamoebina, Metachaos annnlata, 
M. gratuMj Endamoeha nana (fig. 2., c, d, f, 
g); 3 , in two regularly formed polar caps — 
Thecamoeba munda (fig. i, e); 4, in a layer 
of small grains of uniform size at a greater 
or less distance from the nuclear mem- 
brane — Chaos diffluens (Amoeba proteus), 
Chaos chaos, Trkhamoeba villosa. Meta- 
chaos discoides, Dinamoeba, Mayorella 
bi gemma, Toly chaos duhia (fig. i, h, i, j, k). 
In addition to these masses of chromatin 
there are found, after fixing and staining, 
other masses of stainable matter, usually 
kregularly placed, nearer the centre of the 
nucleus, and in some species “clouds” or 
concentric rings of fine dust-like stainable 
particles ocour in the nucleus, whose 
chromatin constitution has not yet been 
fully established. 

The number of nuclei in the trophic or 
yegctativc stage of amebas varies. The 
great majority of species have a single 
nucleus; a considerable number have two 
nuclei (Belomyxa, Striolatus); three species 
have about 15 nuclei (Trkhamoeba caerulea, 
Belomyxa belevskii, F lamella magnified); 
two species have from 50 to 80, each 


(Belomyxa tertia, B. vivipard); one species, 
possibly two, have about 115 (Bontifex) 
and three species have from 1000 to 1000 
typically formed nuclei (Chaos chaos. 
Metachaos laureata and Belomyxa palustris). 
In one species of ameba (Astramoeba Stella) 
the nuclear membrane is single, of oblong 
shape, but the chromatin is in two masses, 
indicating probably a long pause in the 
telophase stage before complete division 
of the nucleus and of the cytoplasm, since 
binucleate amebas have never been ob- 
served in this species. The condition de- 
scribed is found in about 75 per cent of the 
amebas of this species. The binucleate 
condition generally may be explained as 
differing from the uninucleate only in the 
long delayed division of the cytoplasm. 

CYTOPLASMIC DIVISION 

This of course raises the question as to 
what factors cause cytoplasmic division 
if it is not the division of the nucleus. 
Although cytoplasmic division may be 
induced by a great majority of the nuclei 
of a multinucleate ameba dividing simul- 
taneously, the considerable variations in 
number of nuclei observed in the multi- 
nucleate amebas indicate that the nuclei 
frequently divide independently of each 
other. It is significant too that a large 
majority of multinucleate amebas fre- 
quently become spread out in a thin sheet 
on the surface of the glass slide and for a 
longer or a shorter time are incapable of 
locomotion. While in this condition 
division frequently occurs in one species 
as the different marginal regions pull away 
from each other, and all but complete 
separation of the cytoplasm occurs in 
several other species. This phenomenon 
is very rare among the uninucleate amebas 
excepting a few of the very small species. 
There seems to be some connection there- 
fore between the multinucleate condition 
and the tendency to spread out on the sur- 
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face, which in some species leads to 
division. It map be noted here also that 
the division which Roesel described and 
illustrated of “der kleine Proteus” is not 


behavior, which may be regarded as addi- 
tional evidence that Roesel had before him 
not one of the species designated Amoeba 
proteus by Leidy, but the much larger and 



Fig. 3. Nuclear Division in Three Species of Amebas 
a, h, c, d, h, Chaos diffluens. a, vegetative divisions; chromatin grains dividing to form cwo*layers; karyosorac 
and membrane also dividing, b, complicated vegetative division leading, apparently, to four daughter nuclei. 
c, vegetative division, two daughter nuclei almost separated, d, vegetative division; four daughter nuclei 
almost separated, e, /, g, mitosis in cysts of Comciltnania muris. e, nucleus in late prophasc. /, upper chromo- 
somes in metaphase, lower in early anaphase, g, three-nucleate cyst with diffuse karyosorac and early stage of 
intradesmose in. right-hand nucleus. mitosis in Cbaos diffluens in (probably) a procystic stage, nucleus in 
anaphase. ^ i, Comcilmania decummi, four-nucleate cyst with two nuclei in metaphase, a, h (x66o); f , ^(x44o), 
after Monica Taylor, e. f, g. i (X1500) after Kessel, after Doflein. 

of the type observed in the common large rarer multiniicleate species which was sub- 
uninucleate ameba but is more or less sequently rediscovered by H. V. Wilson in 
characteristic of multinucleate ameban 1900. 
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MITOSIS 

One of the most outstanding discoveries 
on the structure of the nucleus within the 
past decades has undoubtedl7 been due to 
the brilliant investigations of Kofoid and 
Swezy and their collaborators. They 
have been able by improved technique to 
establish a definite number of chromo- 
somes for a number of parasitic amebas, 
which may very well prove to be the most 
definite characteristic for identifying these 
species. The importance of this discovery 
to parasitology can therefore be readily 
appreciated. But it is also of great scien- 
tific interest in that it furnishes the most 
definite knowledge we have of mito- 
sis in the amebas, a process which was 
first discovered to occur in the amebas by 
Vahlkampf in 1904. Theretofore it was 
believed that amebas divided amitotically. 
One needs only to compare the figures 
of Kofoid and Swczy with those of Vahl- 
kampf, which themselves marked an 
epoch in this field, to see what tremendous 
strides have been made in the knowledge 
of the ameban nucleus in 21 years. We 
now know that Endamoeha coU has 6 
chromosomes, E. dysenteriae (histolytica) 
probably 6, Karyamoebina falcata about 20, 
Councilmania muriSj 6 (fig. 3, e, f), C. 
decumani, 4 (fig. 3, i), C. lafleuri, 8, 
(Kofoid, Swezy, Kessel). 

This work on the nuclei of these amebas 
has also cleared up to a large extent other 
processes in mitosis, such as the origin of 
the centrosome from the karyosome, the 
central mass of deeply staining material 
in the nucleus; the origin and fate of the 
connecting strand between the centro- 
somes or intradesmose (Kofoid and Swezy, 
Kessel) a structure very similar to the 
centrodesmose in the metazoan cell but 
apparently more persistent (fig. 3, g); and 
the splitting of the chromosomes in meta- 
phase. These phenomena are particularly 
well seen in Councilmania muris of rats and 


mice, in the nuclei of which there is very 
little peripheral chromatin, almost no 
clouds of stainable material and in which 
the karyosome consists of a small number 
of discrete granules, two of which or the 
division products of one become the 
centrosomes. These conditions permit of 
almost diagrammatic pictures of the 
mitotic events, so sharply and clearly do 
these structures stand out. Incidentally 
it may be noted that the entire mitotic 
machinery is formed within the nuclear 
membrane, which must probably be taken 
to mean that the apparent extra-nuclear 
origin of the spindle of metazoan cells is a 
secondary development of the evolution of 
the mitotic process. 

How different is the picture which the 
common ameba presents! Instead of but 
six clear cut granules enacting the simple 
mitotic drama on a perfectly clear stage, 
we have here several thousand chromatin 
grains, and a large and complicated karyo- 
some going through a process of division 
apparently so complicated that it seems to 
bear only a remote resemblance to the 
traditional idea of mitosis (fig. 3, r, 
^). Each of the several thousand chroma- 
tin grains, arranged in a single layer under- 
neath the nuclear membrane, divides 
during fission into two by a plane parallel 
to the surface of the nucleus, which in 
this species has a discoidal shape (fig. 3, 
a). The two layers of chromatin grains 
which result from this division then 
separate and at the same time the flat 
disk-shaped karyosome divides into two 
plates, apparently by a plane perpendicu- 
lar to the short diameter of the karyosome. 
The outer layer of chromatin grains then 
sloughs off while one of the daughter 
karysomes passes into it, the other karyo- 
some remaining within the inner layer. 
Thus the two nuclei are formed during 
division according to the description by 
Monica Taylor ('24). 
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Aitliougli the main facts involved in 
this process of division may be definitely 
stated, the figures show that the process is 
very complicated and there is no con- 
vincing evidence of an actual mitotic proc- 
ess such as Doflein (’i8) records (fig. 3, Jj). 
It must be pointed out how^ever that Dof- 
lein fails to show definitely on what spe- 
cies of ameba he worked, and second, he 
certainly did not work on the vegetative 
division stages for he says most of his 
amebas were multinucleate (1 to 8), rounded 
up and persisted in this shape from one 
to four days (Schaeffer, ’17). It is highly 
probable therefore that he worked on the 
shell-less cystlike stage or procysts of the 
common large ameba, which seem to be 
a substitute for the shell-bearing cysts of 
the parasitic species. And Doflein him- 
self doubted whether the mitotic divisions 
he found represented the only way in 
which the nucleus of the ameba divided. 
We therefore still lack sufficient evidence 
to tell just how our common ameba di- 
vides during fission. It would be most 
extraordinary if after all the nucleus 
divided amitotically in this stage by 
means of some process resembling budding 
as has been suggested. Let us hope 
that investigations will speedily be initi- 
ated to settle this fascinating but tanta- 
lizing problem. 

CHROMIDIA 

The nuclear division processes constitute 
only a brief stage in the life cycle of the 
ameba, but we may use these processes as 
an introduction to the consideration of the 
other stages in the life cycle. Confining 
our discussion still to the common large 
ameba, we may proceed at once to the 
heart of the matter by asking: Do chro- 
midia give rise to nuclei or do they not? 
Bott, Fopoff, Carter, Ivanic and Monica 
Taylor (’14) speak affirmatively, and 
Kofoid Cz3), on theoretical grounds, 


believes the contrary. The origin of 
nuclei from chromodia has recently been 
described as follows (Monica Taylor, ’14). 
Some of the several thousand chromatin 
grains arranged in a layer underneath the 
nuclear membrane, as described above, are 
shed into the cytoplasm through rupture 
of the nuclear membrane. Each grain of 
chromatin then divides until a cluster of 
about 8 grains are formed which is then 
considered as a new nucleus. The new 
nucleus appropriates some of the ameba’s 
cytoplasm and soon thereafter forms a cyst 
wall about itself. The ameba becomes 
filled with hundreds of cysts of this kind 
(apparently not all of the chromatin 
grains develop into nuclei) and soon dies 
and disintegrates, freeing the cysts. The 
cysts hatch out as amebas and in order to 
grow to full size require the extraordinary 
long time of three or four months. Num- 
erous illustrations are given by Taylor. 
Similar but very indefinite figures are also 
given by Hausman in a paper on the same 
subject. This is the affirmative side of the 
question. 

The alternative explanation of the ob- 
jective events just related is that the small 
organisms arc parasites, as has been pointed 
out by several investigators. Neither 
the chromidial nor the parasite hypothesis 
has however been actually proved. Sincp 
the burden of proof in science rests upon 
him who makes an assertion, no final 
statement is admissible on thjs subject un- 
less accompanied by clear proof. The 
solution of this problem for those who 
hold the chromidial hypothesis, requires 
at least the unmistakable identification,^ 
as determined by observation, not by 
deduction, of the chromatin grains with 
the beginning stage of the small organ- 
isms; and second, an isolation pedigree 
culture of one of these organisms until 
absolute identity with the parent or- 
ganism as to details of structure is es- 
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tablished. It would be more practical 
perhaps to settle the second point first. 
Those who hold to the parasite hypothesis 
must be able t:o furnish proof by reinfect- 
ing other amebas with the supposed 
parasite. The figures thus far published 
on these putative young amebas do not 
convincingly resemble the adult ‘ ‘mother’ ’ 
ameba from which they came. It is only 
fair to say that Monica Taylor is one of 
those who recognizes this and is at work 
in an earnest endeavor to solve this vexa- 
tious question. 

If we adopt then the critical scientific 
attitude we find no proof that the life 
cycle of the common large ameba in- 
cludes more than the irreducible minimum, 
namely, reproduction by fission. That is 
all. Fission may be mitotic or amitotic; 
we do not know definitely because the 
various authors did not use pure cultures 
and most of them did not make it clear 
which one of three to five possible species 
were employed. The same statement 
applies to the accounts of sporulation and 
encystment. 

FLAGELLATE STAGES 

Other species of amebas however have 
more complicated life cycles, as is well 
known. Thus in the parasitic species 
reproduction occurs in the encysted stage 
resulting frequently in i6 small amebas and 
in other species living in the soil or in 
cultures of f^ces outside of the body, a 
flagellate stage may often be observed. 
The most int@resting case of the latter 
kind has to do with Tetramitus^ a flagellate 
from the feces of the rat, which was 
^described by Perty in 1852.. This flagel- 
late of rather complicated structure was 
found recently to have an ameboid stage 
in its life cycle. An ameba of typical 
form hatches out of a cyst. It feeds and 
divides to form other amebas for a number 
of generations. Some of these encyst. 


Others become transformed directly into 
the traditional flagellate Tetvamitus. In 
this stage growth occurs followed by 
repeated divisions. Sooner or later the 
flagellates transform directly into amebas 
which after a time encyst, completing 
what is known of the cycle. This ex- 
tremely interesting change from an ameba 
into a flagellate of rather complicated 
structure and back again is one of many 
indications that the amebas and the flagel- 
lates are very closely related. 

GENETICS 

In the field of genetics regrettably little 
has been done with amebas. ^ Isolation 
pedigree cultures have been employed to 
test the specific characters of several 
amebas and, by means of simple statistical 
methods, the existence of five races has 
been indicated in Endamoeha histolytica 
(dysenteriao) and four in E. colt (Dobell 
and Jepps). By means of isolation pedi- 
gree cultures it has also been found that 
there are rhythms in the rate of fission in 
Mayorella (Amoeba) bigemma comparable 
to those found in the infusoria, but 
whether they are of the same nature fun- 
damentally has not been determined. 
The rate of fission in five species pedi- 
greed singly is extremely irregular varying 
from two to three divisions in 2.4 hours to 
one division in 8 to 11 days, at room 
temperature. The cause of this irregu- 
larity is not known (SchaeiFer, Botsford). 

REGENERATION 

The question of regeneration in ameba 
has received a great deal of attention in 
the past. After it was established how- 
ever that the enucleated part of a bisected 
ameba died after 10 or more days while the 
nucleated part lived, little was done in this 
field until very recently. A quarter to a 
third was cut off an ameba almost daily 
to see what the effect would be on sub- 
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sequent reproduction. After a series of 
such excisions were made, extending over a 
month, during which time the ameba did 
not divide, further excisions were discon- 
tinued whereupon the ameba grew in size 
and divided normally. Since it had been 
shown before that the common large 
ameba usually dies if it does not divide in 
9 days, it seems that excisions are in some 
way a substitute for divisions (Hartman, 
Phelps). The interesting observation was 
also made that of two daughter amebas 
from the same mother, the one bisected 
as above indicated and the other allowed 
to divide normally, the normal one pro- 
duced five times as much protoplasm as the 
bisected one. It was found too, that the 
'‘minimal reorganization mass,” the 
smallest piece capable of regeneration, was 
at it ast as small as i/ 8o of the ameba, being 
therefore the smallest regenerating mass 
yet recorded among the protozoa (Phelps). 

AMOEBOID MOVEMENT 

In the foregoing paragraphs are de- 
scribed some of the more recent published 
researches bearing more or less directly 
upon the morphology of the amebas, but 
including also a number of physiological 
discoveries arising out of these researches. 
It now remains to consider the results of 
some investigations on amebas, whose 
primary object was physiological. For 
the purpose of general discussion these 
researches may be divided into two groups : 
I, those dealing with ameboid movement 
and 1, those dealing more particularly 
with the reactions of amebas toward 
various stimuli. 

Speaking first of ameboid movement, 
it may be pointed out that the universal 
interest which this phenomenon excites 
among biologists is attested by the large 
number of theories of ameboid movement 
which have been published. But al- 
though these theories reflected interest in 


the subject, it seems that they did not 
add to an understanding of it. Just as 
the 160 or more theories of sex quietly 
passed into oblivion when the work of 
Mendel became known, so the theories of 
ameboid movement are being forgotten as 
the results of observation and experiment 
on the movement of amebas are accumu- 
lating. We do not therefore think it 
profitable to discuss any of these theories 
here, but shall instead devote the availa- 
ble space to objective data which have 
been rapidly accumulating in the past few 
years. 

The activities of the surface layer of the 
ameba, that is, the plasma membrane 
have already been described. Judging 
from the observations on its behavior, this 
layer is the surface tension layer and the 
question arises here whether it is a neces- 
sary factor in ameboid movement. Since 
it does not move in the same way in the 
pseudopods of Difflugia or of foraminifera 
and is of course absent as a moving layer 
in ciliates and those plant cells where 
streaming protoplasm occurs, its move- 
ment as seen in the amebas probably does 
not constitute an essential factor in ame- 
boid movement. But its movements 
nevertheless indicate that the surface 
tension is greater at the anterior ends of 
active pseudopods than over the rest of 
the ameba, and this fact if correctly inter- 
preted, may prove to be a useful guide in 
further experimental analysis. 

The discovery that amebas move in 
wavy or sinusoidal paths when compara- 
tively free from external stimulation in 
clear culture fluid, is of considerable inter- 
est because of the probability that this 
path is a projection of the well known heli- 
cal spiral paths of ciliates and flagellates on 
a plane surface, the ameba being of course, 
restricted in its movements to two dimen- 
sions of space (fig. 4), This probability is 
strengthened by the fact that the flagellate 
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stages of those amebas which go through 
these stages move in helical spirals. 
It has been found also that a great 
many other organisms, such as the 
larvae of many species of aquatic inverte- 
brates and all motile spermatozoa move in 
similar paths. In fact all animals in- 
cluding man and all motile plants move 
in spirals of some form when the orienting 
senses are not functioning (Schaeffer, ’xo). 
Very little of the nature of this fundamen- 
tal mechanism affecting movement has 
been learned excepting that in the ciliates, 
where an extensive investigation covering 
165 species showed, (i) high correlation 
between the direction of the spiral, 
whether right handed or left handed, and 
generic characteristics, that is, the species 
of most of the genera containing two or 
more species swim, all either right handed 
or left handed,' (a) the investigation 
showed no correlation whatever between 
any visible morphological structures and 
direction of turning (Bullington). Be- 
cause of its universal occurrence and the 
absence of correlation to visible structure, 
this spiralizing tendency is difficult to 
investigate experimentally by analytical 
methods. It appears to be controlled by 
the spatial aspect of some feature of the 
locomotive machinery, but with such an 
enormous variety of locomotive apparatus 
as is comprised under all the motile ani- 
mals and plants, it is quite evident that 
one must go behind visible morphology to 
stereochemical aspects of the protoplasm, 
for a cause, ,at least of the difference 
between left hand and right hand turning. 

Ameboid movement as generally 
thought of is restricted to those form 
changes of protoplasm which are due to 
the streaming of the protoplasm, and as 
thus conceived the heart of the problem 
is to discover what causes protoplasmic 
streaming. All other phenomena asso- 
ciated more or less frequently with stream- 
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ing, such as the formation of ectoplasm 
and the conversion of it into endoplasm, 
are accessory and nonessential, for in 
some organisms where streaming occurs 
there is no regular formation of ectoplasm, 
e.g., plant cells and foraminifera. For 
practical purposes, however one must 
confine one’s experimental work to one or 
at most a few forms, and for this reason 
it becomes necessary and often very desira- 
ble to study the accessory phenomena, be- 
cause these phenomena often are a meas- 
ure of the streaming activity and serve 




Fig. 4. Above, Tbecamoeha sphaeronucle&sus 

Showing movement of the plasma membrane as 
indicated by a small particle attached to it. Twelve 
successive outlines of anterior end of amcba are 
shown, corresponding with 12. successive positions of 
the particle. The plasma membrane moved over 3.5 
times as fast as the ameba. Below, waves in a 30- 
minute section of path of Mefacbaos discoides. 

therefore as a guide in its experimental 
analysis. But it is nevertheless true that 
the great interest displayed in ameboid 
movement is due to its very widespread 
occurrence in animals and plants, and 
that the only constituent phenomenon 
that one can see which is common to all 
cases of ameboid movement wherever it is 
found, is streaming. 

A number of researches have been re- 
corded in the past few years which, it 
may be presumed, were directed upon this 
central problem of ameboid movement. 
Of these, the investigations of Pantin seem 
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to have been particulari7 well planned for 
they have yielded clear cut and important 
information on this subject. The work 
was done on marine amebas which, be- 
cause of the medium in which they live, 
offer certain decided advantages over 
fresh-water species for certain pruposes. 
One of the very interesting conclusions 
from this work is that there is a rise in 
hydrogen ion concentration in an active 
pseudopod. This was determined by using 
neutral red as an intra vitam stain. 



Fig. 5. Curves Illustrating the Effect of Tem- 
perature ON Velocity of Three Species of 
Ameba 

Solid line, “Type A” (Tridamotba gumia?') ameba, 
after Panda; dotted line, “type B" ameba, after 
Pantin; broken line, Qchliopdimn sp. (velocity 
multiplied by 1.6. Schaeffer, 14). Note the very 
suggestive general identity of the high optimum 
curve of Cochliopodium with the other two curves. 

It could not be ascertained with certainty, 
however, whether only the small granules 
or the fluid cytoplasm, or both, became 
more strongly acid. By immersing the 
amebas in various acid solutions it was 
found that hydrochloric, acetic, butyric, 
lactic, sulphuric and oxalic acids inhibited 
ameboid movement, each at about the 
same rate as shown by the plotted curves. 
But citric and tartaric were much less 
effective in inhibiting movement. In 
these solutions the paralysis point ranged 
from pH 5 to pH 6, while in the first 


series of acids the paralysis point was 
about pH 7. The inhibiting effect seems 
to be due to the pH concentration, but the 
protective effect of the citrate and the 
tartrate remains unexplained. 

The effect of temperature on velocity of 
movement on the same two species of 
ameba showed the optimum temperature for 
one species to be from 2.i°C. to 15 °C., and 
for the other species io®C. (Pantin) (fig. 5). 
These optima, it may be remarked, were 
probably fixed by the temperature of the 
medium in which they grew, for the 
optimum temperature as measured by the 
rate of movement of an ameba living in 
shallow tidal pools at Tortugas, Florida, 
in which the temperature rises to 4o°C. 
daily in the sun, is 35°C. or slightly above. 
The optimum for this ameba is in fiict 50 
above the death point of the amebas 
Pantin employed (Schaeffer) (fig. 5). 
When the rate of movement in various 
temperatures is plotted against the tem- 
perature, the resulting curve to the opti- 
mum is almost a linear function of the 
centigrade temperature and is closely 
similar to the temperature- velocity curves 
of many other biological processes, par- 
ticularly protoplasmic streaming in plant 
cells and the leucocytes of human blood 
(Pantin, Schaeffer, Kanitz, McCutcheon). 

After the optimum temperature is 
reached in these amebas, the curve drops 
rapidly to the base line, an effect which 
may be due to the destruction of some 
substance concerned in locomotion. In 
fact this apparently destructive effect is 
already present to a slight degree before 
the optimum is reached, because if the 
velocity of an ameba is measured at 
for example, and then at io®C., and then 
again at loX., the velocity is less on 
reentering io°C, Nevertheless within a 
fraction of an hour the ameba regenerates 
the substance destroyed and recovers its 
original velocity. 
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On the other hand observation indicates 
that several, perhaps all species of amebas 
can be acclimated to higher optimum 
temperatures, which would mean that 
substances are gradual^ built up in much 
the same wa7 that the substance men- 
tioned above was regenerated, but at the 
same time containing within them the 
possibilit7 of a destructive effect due to 
the temperatures near the optimum. 
Herein are opportunities for whole series 
of important quantitative experiments on 
the nature of ameboid movement which 
would also undoubted^ shed light on 
other biological processes. 

The treatment of amebas with solutions 
of various chemicals in order to learn 
something of the nature of ameboid move- 
ment, has been carried on b7 a number of 
observers in the past few decades . Similar 
experiments have also been made upon 
leucocTtes of man and other animals for 
the same purpose. Studies of this sort 
upon the common large ameba have shown 
that all chemical solutions thus far ac- 
curatel7 tested have had the effect of 
slowing down the rate of movement, if 
indeed an7 effect was detectible at all. 
This is an extraordinar7 result, but it is 
of course onty a “progress report,” and 
the final statement on the subject ma7 be 
different. In recent work (Edwards, For- 
grave) with the solutions of the chlorides 
of sodium, lithium, potassium, etc., it 
was found that the rate of locomotion of 
ameba when immersed in them is slowed 
down in a degree depending upon the 
cation, the concentration of the solution 
and the time of immersion. The rate of 
movement was greatest in solutions of 
sodium chloride. Acid solutions cause 
the surface to become stick7 in dilutions 
up to N/io,ooo. Bases (sodium and 
potassium h7droxide) on the other hand 
seem to liquef7 the surface protoplasm 
and make it susceptible to rupture. 
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One of the interesting results of this 
work with chemicals is the action of 
weak (N/300) solutions of the chlorides 
of sodium, calcium, lithium, potassium, 
in causing the formation of food cups in 
ameba. This is the onip case known in 
ameba where a completel7 generalized 
stimulus sets into operation what seems 
to be a comparativel7 highlp specialized 
“racial habit,” which ordinarity is initi- 
ated onty b7 localized stimuli (Edwards). 

It is interesting to note here that various 
species of marine amebas representing 3 
different familes move much more rapidty 
in dilute sea water than in normal sea 
water, and a similar effect was noted in a 
few marine ciliates. These amebas live 
onl7 in the sea, so far as known, and one of 
them is unable to live in fresh water for 
even a few minutes. These amebas have 
presumably lived for a long time in the sea 
and yet they have been unable to overcome 
the inhibiting effect of the salts in the 
sea water. This indicates the presence of 
an unalterable relationship between these 
salts and an essential reaction involved in 
ameboid movement and probably also in 
ciliary contraction (Schaeffer, ’14). 

BEHAVIOU 

In proportion to the total amount of 
research on amebas, comparatively little 
has been done in the field of behavior 
within the past few years. One series of 
experiments directed upon the ability 
of the ameba (species not mentioned) to 
modify its responses has shown that this 
is possible although the conclusion is 
somewhat indefinite and the response is of 
a negative nature, not a positive one. 
Most of the amebas used in the experiment 
were negative to large areas of very in- 
tense light. It was found that there is a 
decrease in the number of attempts to 
continue in the original direction (into the 
light) as the number of trials increases. 
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The ameba “learns” to avoid the light 
(Mast and Puscli). 

Another series of experiments on the 
effect of light on ameba with reference 
especially to the latent period, reaction 
time, etc., has shown that in general the 
ameba reacts substantially like other 
organisms. The ameba responds to a 
sudden increase of illumination after a 
few seconds by a cessation of movement, 
and this intervening period of time is 
here known as the reaction time. It is 
found that the reaction time varies in- 
versely with the intensity of the light. 
Only a momentary flash of light is 
needed to inhibit streaming some seconds 
later. The length of time the light shines 
is therefore the stimulation period, and 
the time between the end of the flash 
and the inhibition of movement is the 
latent period. The latent period, like 
the reaefion time, varies with the in- 
tensity of the light, being short in strong 
light and lengthening with decreased 
intensity of light. It was found also that 
from one to two minutes must elapse 
after sudden illumination before a second 
response could be obtained. Mechanical 
shocks produce effects substantially like 
the stimuli from light, from which the 
conclusion is drawn that the effect of 
light is not necessarily due to the presence 
of a photo-chemical substance. Perhaps 
the most unlooked-for result of this work 
is the absence of any temperature effect 
on the reaction time. It is however not 
impossible that the temperature effect 
may be small and may have remained hid- 
den under the individual variations, which 
were not inconsiderable (Folger). 

In the first of several proposed papers 
Schwitalla has recorded a large number of 
detailed observations on the effect of 
temperature on the movement of Mefa- 
chaos disco ides and on the common large 
ameba as measured by the movement of 


the posterior end. He records the occur- 
rence of irregular rhythms in the velocity, 
the cause of wdiich however was not de- 
tected. The rhythms of fast and slow 
movement changed somewhat as the 
temperature changed, that is, as the 
temperature increased from i 5 °C. to 2.5°C. 
the fast rhythms became fewer or shorter 
or both, as compared with the slow 
rhythms. 

Beers records a very interesting case of 
the common large ameba feeding on the 
large ciliate Frontonia kucas, by pinching 
it into two, as occasionally happens also 
with paramecium and blue stentors. 
Why the ameba should not ingest the 
whole frontonia or paramecium is hard to 
see, for much larger food objects are 
frequently eaten. This raises the ques- 
tion whether the ameba actually pinches 
the ciliate into two as has so often been 
assumed. It is more probable that the 
ciliates constrict themselves when the 
food cup of the ameba presses lightly 
against their cilia, as they are often seen 
to do when threading their way through 
debris. The body of the ciliate at the 
point of constriction under these condi- 
tions is always smaller than the hole or 
slit in the debris, so that the animal can 
readily rotate on its long axis. A time 
element is of course involved, and tbe 
ameba closes in upon the prey slowly 
enough for such a constricting process by 
the ciliate to occur. It cannot be ac- 
cepted without actual proof, therefore, 
that the ameba actually expends the 
necessary energy required to cut the ciliate 
into two instantly. These observations 
have often been assumed to be particularly 
fatal to the simple surface tension theory 
of ameboid movement, but the critical 
attitude suggested above need occasion no 
fears as to its possible resurrection, for 
this theory was already suflicicntly 
dead. 
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CUtNOT ON ADAPTATION 

By John H Gerould, Dartmouth College 

The French have been characteristically" 
strong and even brilliant as encyclopedists. 
The assembling, summarizing and inter- 
preting to the general reader of results of 
research by specialists in every field of 
science, though no longer within the 
power of a single writer, is now accom- 
plished with considerable success by such 
an organization as that constructed by 
Dr. Toulouse, Director of the i.cole des 
Hautes Etudes, who for his Encyclopedic 
Sckntifique divides science and its applica- 
tions to medicine, education, industry, 
engineering, etc., into about thirty-four 
departments, each under the direction of a 
competent leader who selects specialists 
with breadth of view and power of popu- 
lar expression to interpret to the public 
the results of science in their respective 
Helds by means of handbooks of convenient 
size (usually about 300 or 400 pages). 

Professor Maurice Caullery has been 
happily chosen as Director of the Depart- 
ment of General Biology and has himself 
contributed to the series a work on “L? 
Parasitism et la Symbiose." The fifth 
independent volume in the field of general 
biology is'‘L' Adaptation ' (G. Doin, Paris, 
192.5, pp. 410) from the pen of Professor 
L. Cu6not of Nancy, already well known 
to the scientific public by his *‘La Genese 
des Especes Animales'' and other important 
works. 


Cuenot has approached the questions of 
how and why organisms are fitted to their 
environment not only from the standpoint 
and with the training of a critical biolo- 
gistbut also with the liberal spirit of a 
broad and open-minded philosopher. 

In defining the subject, distinction is 
made between modifications Q'accommo- 
dats^') or somations, which an individual 
plant or animal acquires in an environment 
new to it, corresponding to the changes of 
acclimatization experienced by a group of 
individuals and their offspring when in- 
troduced into a country new to them, and, 
on the other hand, hereditary, or “statis- 
tical,'* adaptations. “Statistical’* is a 
term applied to adaptations to a given 
condition or medium, which are numeri- 
cally frequent, but not necessarily always 
present, under such conditions. The 
webbed foot characteristic of aquatic 
animals, fleshy leaves of plants of desert 
or seaboard, dwarf plants of mountain 
tops, are chiefly under hereditary control 
and statistically numerous, though not 
universally found, under these given con- 
ditions; that is, not all aquatic vertebrates 
have webbed feet. 

Among plants, especially, it is difficult 
to distinguish by mere inspection between 
modifications (f'accommodats'''), which dis- 
appear when the seed of the somatically 
modified plant is sown under normal en- 
vironment, and hereditary or “statistical” 
variations. Among animals, usually less 
subject to environmental influences, ‘ ‘sta- 
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tistical” or hereditary variations are 
not so often combined with non-hereditary 
modifications. 

It is very unfortunate in the opinion of 
the reviewer that this excellent book is 
marred by the constant use of this con- 
fusing and inappropriate term “statisti- 
cal,” as applied to hereditary variations 
and adaptations. The relative abundance, 
or statistical feature of hereditary adapta- 
tions is a minor matter of doubtful sig- 
nificance. It does not even distinguish 
such adaptations from modifications ^ac- 
commodau*'^, for the latter are also faculta- 
tive and not universal under a given set of 
circumstances. The term ‘‘ethological” 
which Cu6not suggests as synonym of 
‘ ‘statistical’ ’ is likewise equivocal and con- 
fusing, for modifications or accommoda- 
tions are also distinctly ethological. It 
is difficult to find a term characterizing 
such adaptations as stable and subject 
chiefly to the control of hereditary factors 
without using the word “hereditary.** 
“Stable’ ’ may be used, if one has occasion 
to avoid the use of “hereditary,” but 
not “statistical.” “Hereditary” is itself 
not free from objections, but it is clear 
and sufficiently distinctive. 

The author properly emphasizes the 
fact, which Weismann and other extreme 
selectionists have passed over lightly, that 
many organs are nearly or quite useless. 
As examples, he calls to mind vestigial 
structures which have ceased to function 
and also organs which are greatly over- 
grown (hypertelic) and an encumbrance, 
such as the splendid plumage of certain 
male pheasants and birds of Paradise 
which is so enormous as to make flight 
impossible, the excessively long horns of 
the eland, the canines of the sabre-toothed 
tiger, the grotesquely large thoracic 
appendages of certain Brazilian leaf hop- 
pers. Moreover certain other organs, 
internal or external, are useful but not 


necessary, like the spleen, the uropygeal 
gland (lacking in certain birds), the air- 
bladder of fishes the presence or absence 
of which is evidently a matter of small 
importance. Cuenot has proved experi- 
mentally that amputation of the breathing 
tube of the water bug, Nepa, and the 
prominent spur upon the femur of the 
middle pair of legs in the backs wimmer, 
Notonecu, the latter supposedly useful for 
cleaning the mouthparts, interferes in no 
perceptible way with either insect’s ac- 
tivities and functions. The fact that use- 
less or nearly useless organs are sometimes 
produced leads to an inquiry as to how 
variations occur, whether at random or in 
definite directions, fortuitously or ortho- 
genetically. 

Cu6not discusses orthogenesis, the type 
of variation familiar to paleontologists as 
the tendency of an organ or combination of 
organs to vary progressively from one 
geological period to the next, as if 
tending toward a definite end, e.g., the 
classic example of the evolution of the 
hoof from a single toe in the succession of 
extinct ancestors of the modem horse. 
Orthogenesis is recognized as a real 
method of evolution, independent of both 
natural selection and environmental ac- 
tion. Just as, in the growth of the 
individual, a mass of unformed tissue 
shapes itself under unknown internal 
control into an organ adapted to perform a 
definite function, so in the history of the 
race an organ which is at first unformed 
and useless may acquire a function or may 
change its function. Orthogenesis sig- 
nifies then a scries of evolutionary changes 
seemingly directed toward a definite end. 
In this category the author places the 
acquirement of a fixed, internally regu- 
lated, bodily temperature by the higher 
vertebrates, the evolution of mammary 
glands from simple cutaneous glands, the 
feathers of birds, origmating by degrees 
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from reptilian scales, the electric battery 
of Torpedo transformed from masses of 
muscle upon the upper jaw, the wing of 
bat, bird or insect. “It all takes place as 
if directed toward an end, as if the be- 
ginning foreshadowed the conclusion.” 

Of the three theories which have been 
advanced to explain the evolution of adap- 
tations: Lamarckianism, Darwinism (or 
natural selection), and the mutation theory, 
the last naturally receives the most exten- 
sive treatment. 

“Darwinism, comprising Lamarckian- 
ism by inclusion, is therefore a theory of 
general application, and its immense suc- 
cess is easily understood; its logic is 
irresistible: the occurrence of inheritable 
variations cannot be denied; the tendency 
toward an indefinite increase in the num- 
ber of species is certain; and also the des- 
truction of an enormous number of in- 
dividuals; the conclusion which seems 
inevitable is the survival of the better 
adapted, continuous progress, the exten- 
sion and diversification of life.” But 
while artificial selection involves intelli- 
gent choice in the destruction of super- 
fluous individuals, natural selection, in 
the author’s opinion, is nonselective. It 
involves destruction but not construction. 

The discussion of the mutation theory 
includes a Lrief critique of recent experi- 
ments bearing on the inheritance of ac- 
quired characters, all of which are in- 
conclusive. The author denies formally 
and completely the inheritance of ac- 
quired characters, because ' It is necessary 
to have a firm opinion.” 

Mutations arising in a state of nature 
vary in natural vigor. They may be (i) 
lethal and disappear at once or exist only 
in a latent, compensated state, (i) less 
viable than the type and gradually dis- 
appear (e.g. albinos, mammals with 
pendant ears), (3) equally viable, and so 


coexist with the type, thus constituting a 
polymorphic species, or (4) more vigorous 
than the type, like the melanic mutation of 
the peppered moth, tending to supplant. 

The occupation of any newly established 
environment from which former inhabi- 
tants, if any, have disappeared is due, 
Cuenot points out, to the filtering in, 
from neighboring regions, of species 
already preadapted to the new environment. 
Thus by trial and error organisms adapt 
themselves to new regions. To survive, 
they must already be sufficiently adapted 
both as to instincts and to structure. 

The success of a species arising by muta- 
tion in establishing itself depends upon 
“differential fertility,” the two elements 
of which are the number of eggs laid and 
the death rate. Cu6not gives a formula 
for the annual loss of individuals in a race 
numerically constant, based directly upon 
the number of eggs produced by a single 
female and inversely upon the death rate. 

To a Darwinian selectionist differential 
mortality means the survival of the fit and 
continuous progress by constructive selec- 
tion; to the mutationist differential mor- 
tality means the elimination of the weak 
and abnormal, the maintenance of a 
healthy mediocrity; moreover mortality 
to a large extent is non-selective, the 
strong and the weak, the adapted and the 
non-adapted, being indiscriminately elimi- 
nated. 

The study of orthogenetic series in 
paleontological succession shows that 
mutation may result sometimes in organs 
which are disproportionately large and 
cumbersome or sometimes completely atro- 
phied. Alternation occurs between per- 
iods of mutation and of establishment of 
mutants as species. Certain points in the 
organism are more plastic than others, 
more subject to orthogenetic change. In 
the main, the changes are small and 
gradual; others necessarily involve a 
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profound structural and physiological 
alteration affecting the whole body, as 
when a left-handed type of snail give rise 
to right-handed descendants, no inter- 
mediate condition being possible. Rarely 
does nature make use of large, abrupt 
variations such as those which under arti- 
ficial selection have produced, for exam- 
ple, the bull-dog, the ancon sheep, the 
rumpless fowl. On the contrary variation 
occurs by “gradual changes affecting in 
succession different organs, the coordina- 
tion of which constitutes the adaptation to 
the environment.” 

Denying the explanations of adaptive 
evolutionary change advanced by Lamarck 
and Darwin, viz.; the inheritance of 
acquired characters and natural selection, 
the mutation theory has nothing to offer 
as a substitute. Cu6not acknowledges the 
need of discovering some new principle, 
or factor, internal or external, capable of 
controlling variations and directing them 
toward a definite end. This need is 
especially felt in studying such complex 
organs as the eye or the ornamentation of 
organs of such rare and useless beauty as 
the feathers of the peacock or Ar^us 
pheasant. Simply stated, we need to 
know how growth is controlled and dif- 
ferentiation determined. 

In Part Three Cuenot interestingly de- 
scribes many concrete cases of adaptation, 
the underlying principles of which have 
already been stated. The conclusion is 
reached that non-inlierited modifications 
tend to be associated with hereditary var- 
iations of similar nature. Thus one may 
find on a mountain-top plants of a given 
species which owe their adaptation in 
various degrees to hereditary and to en- 
vironmental factors; some are in the con- 
dition of non-hereditary modifications 
and would revert to the lowland type 
when removed to the plains; others are 
hereditarily fixed and would not thus 


Finally Cuenot discusses the metaphy- 
sics of the stupendous problem of adapta- 
tion, distinguishing bemeen the me- 
chanical or “efficient” cause, or how 
adaptations have originated, and their 
purpose, or why they have come to exist. 
Teleological concepts can be properly 
applied only to man’s own instruments 
and machines. It is absurd to assign a 
final cause (ultimate purpose) to a phe- 
nomenon like the rainbow or sunlight 
clearly independent of mankind. Not 
less so is the application of such concepts 
to most organic phenomena. 

But organs have useful functions. They 
are, in a sense, pui-poseful; and this useful- 
ness of organs, individuals, or species, is 
only a fragment of a larger usefulness 
which includes all living things, because, 
though individuals die, life as a whole 
flows on. The ultimate biological adap- 
tation is the conservation of life upon the 
earth. Can we assign to this a purpose? 

The three answers that have been given 
to this question are spiritualism (in a 
broad sense), mechanism and agnosticism. 

“Spiritualism” implies that life has 
come from the inorganic by an act of 
divine will. It does not necessarily im- 
ply, the author maintains, the doctrine of 
vitalism, but it usually implies that the 
universe is biocentric, adapted to pro- 
duction and perpetuation of, life, and 
anthropocentric or adapted to the needs 
of man. “The details of, the world 
are not made for man, but, if one believes 
in a spirit as Creator and Organizer of the 
universe, one may imagine the following 
sequence as willed by him: the Universe, 
Life, Conscience.” Yet, quoting with* 
approval the idea of Richer: “The expres- 
sion to tvill is terribly human, but no one 
can refuse to recognize that gradual de- 
velopment of life and intelligence was in- 
cluded in the destiny of the terrestrial 
globe.” The author thus seems to sub- 
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Materialistic mechanism on the other 
hand recognizes no organizing intelli- 
gence; its architecture is the result of a 
fortuitous concourse of atoms. Science 
discovers only a succession of events in the 
relation of cause and effect, involving 
neither volition nor direction; it is occu- 
pied with the “how” not the ‘‘why” 
of things, because there is no “why.” 
The monist’s universe is without begin- 
ning, purpose, or end, but perpetually in a 
state of evolution. Life is a property of in- 
organic matter, and under proper physical 
conditions has developed spontaneously 
from it either on this or on some other 
planet. There are in the living organism 
only physico-chemical properties, though 
of such complicated nature as to warrant 
the existence of distinct biological sci- 
ences. That some chemist some day may 
synthesize the living from the non-living 
is not beyond the bounds of expectation. 
The apparent purposefulness in organisms, 
which tends to perpetuate the life of the 
individual or of the species, is fortuitous 
unintentional, the result of the elimination, 
of the unfit, the ill-adapted. As Epicurus 
long ago held, the bird flies because it has 
wings, and one may not say that i^has 
wings for the purpose of flight; man sees 
because he has eyes, the product of a slow 
evolution of which sight is the result. 
Man naively, thinking of the universe in 
terms of human purpose is merely a transi- 
tory excrescence like mould upon the earth’s 
crust, or passes like a flash into oblivion. 

Agnosticism .takes a middle ground 
between the two doctrines. For the 
agnostic the universe is the manifestation 
of a power which we cannot know and yet 
which we need to know in order to explain 
nature. Unable to escape the teleological 
impression which the universe gives him, 
the agnostic repudiates more or less 
clearly the idea of design. He “neither 
denies nor affirms the existence of a 


Creator” and “carefully discards all that 
is metaphysical as unknowable and con- 
sequently uninteresting. ’ ’ 

Science, occupied as it is solely with 
secondary causes, is unable to harmonize 
the conflicting views of those who think 
in terms of “spiritualism” or of materia- 
listic mechanism. “Their convictions, 
both equally incapable of demonstration 
upon a scientific basis are a matter of 
personal feeling. For the one, the ques- 
tions of beginning, of design, the ‘why,’ 
cannot be suppressed, and demand a reply 
which is found in the idea of God and in 
the immense synthesis of Universe, Life, 
and Man, the grandeur of which must be 
acknowledged; the second is not disturbed 
by metaphysical questionings, and the 
‘how’ satisfies his curiosity.” 

Barring the unfortunate use of the con- 
fusing and inappropriate term “statisti- 
cal” to which the reviewer has called 
attention, the book is throughout clear 
and exceedingly interesting. Adaptation 
is truly ejf ray ante question." Suc- 

cessive generations of scholars viewing it 
each from a different angle have sought 
and found each their own answer. In the 
state of knowledge of the nineteenth 
century the formula of natural selection 
served well, but this stimulating book 
shows the inadequacy of this solution and 
states the problem as geneticists of the 
twentieth century see it. The present 
position may be weak and little more than 
a confession of ignorance. For in spite 
of all our knowledge of the morphology 
of chromatin, the touchstone of hereditary 
characters, we know nothing definite 
about the determination of form in 
growing organisms nor about any guid- 
ance of variation, but is not a confession 
of ignorance the sign of an inquiring 
spirit, and may it not mark progress to- 
ward a deeper knowledge of evolution 
and of adaptation? 
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EVOLUTION 

THE WAYS OF LIFE. 

By Richard Swann Lull. Harper (iT Brothers 
$3.00 8| X 5I; xiii + 365 New York 

This is an entertaining popular book on 
organic evolution with, quite fitly, a 
good deal of emphasis on the paleonto- 
logical evidence. It can be highly recom- 
mended to the lay reader who wishes to 
inform himself about the concrete evidence 
regarding organic evolution. 


LIVING ORGANISMS. An Account of 
Their Origin and Evolution. 

By Edwin S. Goodrich. 

Oxford University Press, 
7! X 5L 2.00 New York 

An introduction to organic evolution by 
the Linacre Professor of Zoology and Com- 
parative Anatomy in the University of 
Oxford. While containing little that is 
original, the book is an excellent brief 
review of the present status of knowledge 
regarding evolution, written with critical 
judgment and in an easy readable style. 
The evidence reviewed is mainly zoo- 
logical. 

THE EVOLUTION OF MAN. Essays. 
■By G. Elliott Smith. 

Oxford University Press, 
8 s. 6 d. 9 X 5I; vii -h 157 New York 
A republication of three essays origi- 
nally prepared for delivery at popular lec- 
tures . The first has the title, ‘ 'The Evolu- 
tion of Man;” the second, “Primitive 
Man;” and the third, “The Human 
Brain.” The common purpose of all 
three of these is to throw light on man’s 
pedigree. While all students will not 
agree with the author’s interpretations, 
his authoritative position in the field of 
anthropology and the skill and persua- 


siveness with which he marshals his argu- 
ments, combine to make this a book which 
every serious student of the subject must 
read. The zoologist will be especially 
interested in the material on Tarsius. 


THE ORIGIN AND EVOLUTION OF 
THE HUMAN DENTITION. 

By William K. Gregory. 

The Williams & Wilkins Co. 
$6.50 6f X 9!; xviii -1-548 Baltimore 
This monograph is the standard refer- 
ence work in the field. It assembles a 
great mass of evidence as to the fact and 
method of one phase of human evolution 
in a clear and convincing manner. A 
bibliography of ii pages is appended. 


PROMETHEUS OR BIOLOGY AND 
THE ADVANCEMENT OF MAN. 

By H. S. Jennings. E. P. Dutton & Co, 
$1.00 4'! X 6|; vii -f 86 New York 

This latest addition to the well-known 
series of stimulating little books with 
Greek titles on general aspects of science. 
In this book the author ascribes greater 
importance to the environment in deter- 
mining the nature of living things than 
most biologists do. 


WHAT EVOLUTION IS. 

By George Howard Parker. , 

Harvard University Press, 
$1.50 4I X 7I; ix -f- 173 Cambridge 
A book of the times, written to meet 
the demand created by the large and 
growing popular interest in evolution. 
The treatment is accurate, clear and con- 
cise. It makes its appeal on the clearness 
and cogency of the reasoning rather than 
upon illustrations. 
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THE EARTH BEFORE HISTORY. 

Man s Origin and the Origin of Life. 

By Edmond Perrier. Alfred A. Knopf 
$5 .00 X 9I; xxiv + 345 New York 
This book, which is one of the volumes 
in the great series, “The History of 
Civilization,” is, on the whole, the best 
available account within moderate com- 
pass of the evolution of life on the earth, 
up to man. It is not a popular work in 
the sense of being easy reading, but it more 
than compensates in its thoroughness and 
breadth for any possible lack of popular 
appeal. It will stand as an authoritative 
work of the first rank. 

GENETICS 

GENETICS AND EUGENICS. A Text-- 
hook for Students of Biology and a Reference 
Book for Animal and Plant Breeders. 

By W, E. Castle Harvard University Press 
9I X 6i; viii + 434 Cambridge^ 
A new edition of this well-known 
standard text in genetics. The material 
has been brought up-to-date. The view- 
point of the book is, of course, Mendelian 
in an absolutely orthodox sense. The 
treatment of the biometric side of genetics 
is not adequate. 


MANUAL OF DAIRY CATTLE BREED- 
ING. 

By John W. Gowen. 

The Williams & Wilkins Co. 
$3.00 6x9!; 1 13 Baltimore 

• This is a laboratory manual to accom- 
pany the author’s well-loiown treatise on 
Milk Secretion, published last year. From 
an intellectual viewpoint it represents a 
great advance in the laboratory teaching 
of animal husbandry in our agricultural 
colleges. 


HEREDITY IN NERVOUS AND MEN- 
TAL DISEASES. An Investigation hy the 
Association for Research in Nervous and Men- 
tal diseases. 

By various authors. Paul B. Hoeher, Inc. 
$3.75 9x6; xxvii + 331 Neio York 

A series of papers by sixteen well-known 
contributors on various aspects of the 
inheritance factor in nervous and mental 
diseases, presented at the meeting of the 
Association for research in these subjects 
held in December, 192.3 . The volume con- 
tains little that is really new, but furnishes 
a useful summary of the present state of 
opinion in the field covered. 


THE INHERITANCE OF MENTAL 
DISEASES. 

By Abraham Myerson. 

The Williams & Wilkins Co. 
$5.00 6x9^336 Baltimore 

This book, though badly written and 
badly edited in a style which constantly 
irritates the reader, nevertheless contains a 
mass of interesting, original observations 
on the hereditary factor in various abnor- 
mal mental conditions. A large number 
of detailed case histories are given. The 
work is one which cannot be neglected by 
any student of human genetics. 


GENERAL BIOLOGY 

THE SCIENCE OF BIOLOGY. An Intro- 
ductory Study. 

By George G. Scott. 

Thomas Y. Crowell Co. 
$3 .50 8| X 5I; xii 617 New York 

This textbook is intended for elemen- 
tary biology classes in colleges. It is 
unusually broad in its scope on both the 
animal and plant sides and appears to have 
been compiled with excellent judgment. 
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TEXT BOOK OF BIOLOGY. For students 
in general, medical and technical courses. 

By William Martin Smallivood. 

Lea and Fehiger 
$ 3*75 9I X 6|; XV -f 393 Philadelphia 
A new edition of an old and well 
established text book of general biology, 
which has proven its merit in earlier 
editions. 

REGENERATION. From a physico-chem- 
ical vietopoint. 

By Jacques Loeb, 

McGraw-Hill Book Co. Inc. 
$1.00 9I X 6|; ix + 143 New York 
In this book, which, to the great loss of 
biology and the deep sorrow of his many 
friends, proved to be his last. Doctor 
Loeb brought together and rounded out 
his researches on regeneration in Bryo- 
phyllum. The essential result of the 
study was to show that equal masses of 
isolated sister leaves produced under equal 
conditions of illumination, temperature, 
etc., approximately equal masses of shoots 
and roots in equal time. On the basis of 
this mass relation Loeb attempted, with 
his customary ingenuity, to explain all the 
important phenomena of regeneration. 
Whether this theoretical interpretation is 
finally accepted or not, it will certainly 
prove enormously stimulating to research, 
as has so much of Loeb’s other work. 


ENZYME INTELLIGENCE AND 
WHENCE AND WHITHER. 

By Nels Quevli. The Colwell Press, Inc. 

6 X 8j; 578 Minneapolis 
This curious book is written by a regis- 
tered pharmacist, who believes that en- 
izymes are the ultimate indestructible and 
invisible units of life and are conscious 
and intelligent. He furthermore con- 
tends that enzymes produce and maintain 


all living things we see, and that they 
come from what he calls “the invisible 
world of life,” to which we return when 
we die. He has read the accessible book 
literature of biology very widely and has 
produced an entertaining volume, but it 
is much to be feared that Augustus 
DeMorgan would have classed him as a 
paradoxer. 


EXPERIMENTELLE MORPHOLOGIS- 
CHE UNTERSUCHUNGEN. Lipoid-, 
Glykogen- mid Pigmentstoffwechsel (Hand- 
huch der hiologischen Arbeit smethoden. Lie- 
ferung iji). 

By Ernst Lcupold. Urban & Schwar^enberg 
M. 6,30. 7 X 10; 150 pp. Berlin 

This number of the great Abdcrhaldcn 
hand book deals, in great detail, with the 
histological, physiological and biochemi- 
cal technique essential to investigation in 
certain fields of experimental morphology. 

THE ORGANIZATION OF LIFE. A 
Revaluation of Evidence Relative to the 
Primary Factors in the Activity and Evolution 
of Living Organisms, Including a Factorial 
Analysis of Human Behavior and Experience. 
By Seba Eldridge, with an introduction by H, 
S. Jennings. Thomas Y, Crowell Co. 

$4*50 94 X 6; XV + 470 New York 

A much too verbose, and consequently 
tiresome, theoretical discussion of all the 
major problems of biology, ivhich seems, 
with singular pertinacity, to reach a 
conclusion on about all important topics, 
such as the inhciitance of acquired charac- 
ters, mechanism and vitalism, etc., which 
is diametrically opposed to that of mosi 
biologists who have thought about the 
matter. The general tone of Professor 
jenning’s introduction is very faintly 
laudatory. The book demonstrates that 
the author is an enormously industrious 
person. 
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IMMUNITY IN NATURAL INFEC- 
TIOUS DISEASE. 

By F. d'HerelU {Authorized English Edition 
by George H. Smith.') 

The Williams & Wilkins Co. 
$5.00 6x9; 399 Baltimore 

la this book the author reviews the 
existing knowledge regarding the phe- 
nomenon of immunity to infectious dis- 
eases, from the point of view of his theory 
of the bacteriophage. The result is to 
make a highly interesting and valuable 
contribution to general biology. The 
subject is developed around the concept of 
the reactions of living things to stimuli. 
The book is divided into four parts, of 
which the first deals with the reactions of 
living matter in general; the second, with 
its reactions against inanimate agents; the 
third, with the reactions against bacteria; 
and the fourth with the ultraviruses and 
immunity against them. Though pri- 
marily written for the bacteriologist and 
medical man, the general biologist will 
find this book extremely interesting and 
stimulating. 


HUMAN BIOLOGY 

RICHTLINIEN FUR KORPERMESSUN- 
GEN. (Und deren statistische Verarheitung 
mit hesonderer B^rucksichtigung von Schuler- 
messungen.) 

By Rudolf Alartin. J. F. Lehmanns Verlag 
X Marks 9I x 6|; 60 Munchen 

^ A very useful and sound treatise on the 
elementary technique of anthropometry. 
The material was drawn up particularly 
for the guidance of those working with 
school children, but it will be found 
valuable by a beginner in any field of 
anthropometry. The biometric methods 
outlined are only the simplest. 


BIOLOGY AND HUMAN LIFE. 

By Benjamin C. Gruenberg. 

Ginn and Co. 

%1.7x 8| X 5I; xiv + 592. + xi Boston 

This high school textbook covers an 
enormous range; in fact, there is no depart- 
ment of biology which is not in some de- 
gree touched upon. Naturally, it no- 
where goes to very great depths. The 
reference lists of reading, which follow 
each of the 51 chapters, are excellent. 


TUBERCLE BACILLUS INFECTION 
AND TUBERCULOSIS IN MAN AND 
ANIMAL. Processes of Infection and Re- 
sistance; a Biological and Experimental Study. 
By Albert Calmette. 

The Williams Wilkins Co. 
$8.00 6| X 9; 714 Baltmore 

To the general biologist this book is 
probably the best source from which to 
get a general comprehensive review of the 
present status of knowledge regarding 
the disease which, taking the world as a 
whole, kills more people than any other 
one in the normal, regular course of 
events. The viewpoint throughout this 
great monograph is primarily biological 
rather than narrowly medical. It is a 
book which should find a place on the 
shelves of every general biological li- 
brary. 


AN APPROACH TO SOCIAL MEDI- 
CINE. 

By Francis Lee Dunham. 

The WilUa^ns & Wilkins Co. 
$4.00 6x9; 142. Baltmore 

A sane and somewhat philosophical 
guide to the social worker and especially 
to the worker in hospital social service. 
The student of any aspect of human bio- 
logy will find it well worth reading. 
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APHORISMEN ZUM HEILPROBLEM, 
(Moderne Biologic Heft (?.) 

By Prof. Dr. Hans Mmh. Curt Rahittsch 
Rm. X yj X 5; loi Leipzig 

This is a highly thoretical discussion of 
the biological nature of disease, its course, 
and its treatment. A new therapeutic 
agent, “Omnadin,” is discussed and 
temperature charts showing its action in 
fevers are given. From the rather vague 
statements given as to its composition 
omnadin seems comparable not to a shot- 
gun prescription, but to a whole flock of 
shot-guns. 


DAS FRAUENPROBLEM IN IDEAL- 
STAAT. Der Vergangenheit und der Zu- 
kmft. 

By Margaret Weinberg. Curt Kahitzsch 
7f X 5; vii -b 85 Leipzig 
An ultrafeministic tract of uplifting 
tendencies. The most interesting feature 
of the book is the historical treatment of 
feminism from the time of Plato down to 
date. There is a bibliography of three 
pages and a full index. 


BIRTH CONTROL: FACTS AND RE- 
SPONSIBILITIES. A Symposium Dealing 
with this Important Subject from a Number 
of Angles. 

Edited by Adolf Meyer. Chapters by Adolf 
Meyer, Margaret Sanger, Raymond Pearl, 
E. A. Ross, E. M. East, C. A. Rubenstein, 
Herbert A. Miller, R. McC. Chapman, R. A. 
Spaeth, C. C. Little, L. J. Cole, and 
Eleanor R. Wembridge. 

The Williams ^ Wilkins Co. 
$3.00 51 s: 7J; xiv -f 157 Baltimore 

A treatise, of enormous respectability, 
on various aspects of birth control. It 
is made up of a number of separate and 


quite unconnected essays by different 
persons, as indicated above. Probably 
the most significant essay in the volume is 
the last one, by Doctor Wembridge. 


THE HAPPY CHILD. 

By Dr. Henry L. K. Shatu (Editorial Ad- 
viser) and eight contributors 

Dodd, Mead (y Co., Inc. 
$1.00 5I X yf ; lx -f- 1x6 Neio York 
This is a book of excellent advice to 
young mothers, by eight persons of 
eminent standing in the social and medical 
fields. The period covered by the advice 
ranges roughly from birth up to school age. 


THE CONQUEST OF DISEASE. 

By David Masters. 

Dodd, Mead & Co., Inc. 
$x.50 5J X 7I; XV 4 - 353 Neio York 
This is a treatise, in popular language 
and style, on the outstanding points in the 
historical development of preventive medi- 
cine and public health. It is much better 
written than most books of its type, and 
can be recommended to the lay reader. 
Secondary school teachers of science will 
find it very useful. 


DIE BIOLOGIE DES KRIEGES. Die 
Ueherwindung des Krieges. 

By G. F. Nicolai. Orell Fiissli 

Fr. X5 (Bd. I and II), Zurich 

I. 6| X 9; XX + 3 M^ ^ 

A new edition, with an introduction by 
Romain Rolland, of a well-known book 
which got the author into serious trouble 
when it was first published during the 
war. It is an interesting and stimulating 
book which no student of human biology 
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can afford to neglect, v/liatever may be 
his opinion as to the soundness of the 
conclusions reached. 


ESSAYS IN PSYCHOPATHOLOGY. 
Nervous and Mental Disease Monograph 
Series No. 4^. 

By William A. White. 

$1. 50 6i X 9i; X -f 140 Neu) York 
A collection of essays and book reviews 
by a distinguished psychiatrist. The 
fundamental viewpoint of the book is 
that in the first place, man is not separate 
and distinct from his fellows or from the 
other components of his environment, but 
that he is only a place where for the time 
being certain forces are nucleated, and that 
as these forces grow out of the environ- 
ment they resolve again into it; secondly, 
that so far as man is a container of energy 
he is not a closed but an open energy sys- 
tem, constantly deriving energy from the 
outside, constantly giving up energy to 
the outside; thirdly, that in considering 
man it may be useful to consider him in 
terms of energy rather than in terms of 
organs. These ideas can hardly be re- 
garded as particularly original, but they 
are developed in an interesting way by 
the distinguished author. 


GEBURTENRUCKGANG UND RAD- 
FAHREN. Ein Beitrag %um Erohlem des 
verse barf ten Ge^urtenruckgangs seit igoo. 

By /• Winkelhagen. 

Selhstverlag des Verfassers 
5! X 8f ; 50 Hamburg 

The secret is out at last! Many people 
have puzzled their heads over the cause, or 
causes, of the world-wide decline in the 
birth rate in recent years. It is ail due to 
riding bicycles, which also has sad effects 
upon the mental and physical character- 
istics of the offspring of those who in- 
dulge in this dreadful form of locomotion. 


ZOOLOGY 

ANATOMY AND PHYSIOLOGY OF 
THE HONEY BEE. 

By R. E. Snodgrass. 

McGraw-Hill Book Co., Inc. 
9ix 6J;xv-h 32.7 New York 
This book is a model of what a biological 
text ought to be. In a masterly way the 
author brings together and digests all 
that is known about the anatomy and the 
physiology of the honey bee, with the 
accurate, critical touch of one who 
knows the subject deeply and widely. It 
is a great pity that there are not available 
more treatises of this sort for the common 
forms of animal life. 

HSHES OF THE GULF OF MAINE. 
Bulletin of the U. S. Bureau of Fisheries, 
Vol. XL, Part 1 . 

By Henry B. Bigelow and William W. Welsh. 

Government Printing Office 
$z.oo I of X 7I; 567 Washington 

An excellent account of the taxonomy, 
with many ecological notes, of the fish 
fauna of the North Atlantic coastal 
region. A type of government publica- 
tion much to be commended. 


BRITISH BIRDS (Volume I). 

By Archibald Thorhurn. 

Longmans, Green & Co. 
$5.50 6x9; xii -f- 176 New York 

This is the first volume of a new edition, 
to be completed in four volumes, of 
Thorbum’s well-known treatise on British 
birds. The feature of the work, of course, 
is the beautiful colored plates from the 
author’s masterly paintings. Indeed, the 
plates may almost be said to constitute 
the work, for the text is trifling in 
amount. The original edition was ex- 
pensive. The present is a popular edition 
greatly reduced in price. The reproduc- 
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tion of the plates on the smaller scale has, 
on the whole, been extremely well done. 
They make a strong appeal artistically as 
well as scientifically. This volume deals 
with the Passeres and contains 48 of the 191 
colored plates which the whole work will 
include. It will be a useful addition to 
the library of any American bird lover. 


JUNGLE DAYS. 

By William Beebe . G. P. Putnam Sons 

$3.00 X 9; V + 2.01 Neta York 

This latest addition to the author’s list 
of popular books on natural history will 
be found just as fascinating and thrilling 
as its predecessors. The observations 
with which it deals center about the jungle 
laboratory at Kartabo. 


A LIST OF BRITISH APHIDES. Includ- 
ing Notes on Their Synonymy^ Their Recorded 
Distribution and Food Plants in Britain, 
and a Food-Plant Index. 

By J. Davidson. 

Longmans, Green and Co. 
$4.50 5! X 8f; xi + 176 London 

This is a thorough piece of taxonomic 
work, giving check lists of the aphid 
species of Great Britain, together with 
their important synonyms, their food 
plants, and their distribution. There are 
also lists of the genera and important 
synonyms; of the food plants upon which 
the Aphides in the first section have been 
recorded in Britain, together with the 
species of Aphides found on them; and, 
finally, a bibliography of 18 pages. 

INSECTS AND DISEASE OF MAN. 

By Carroll Fox. 

P. Blakistons Son dS Co, 
$4.00 6| X 9i; xii + 349 Philadelphia 

This is a systematic textbook of medical 
entomology for students of medicine and 
public health. The flavor of the book 


throughout is taxonomic. It will fur- 
nish the student a sound grounding in this 
field. 

BOTANY 

BACTERIOLOGY. A Text Book on Funda- 
mentals. 

By Stanley Thomas. 

McGraw-Hill Book Co., Inc. 
$x.50 9i X bf; xiii + 101 New York 
This is an elementary general textbook 
on bacteriology for all kinds of under- 
graduate students, but it is especially 
directed towards the, needs of the engi- 
neering student. It is a book which 
might well be recommended to the lay 
reader who wishes to gain, in short com- 
pass, a sound knowledge of the significance 
of modem bacteriology. It is clearly 
written and illustrated. Its greatest de- 
fect is that the references to the litera- 
ture are meager in number and special 
in character, and, therefore, not wxll de- 
signed to guide the general reader in his 
progress to further and wider knowledge. 

DICTIONARY OF BOTANICAL EQUIV- 
ALENTS. German-EngUsh, Dutch-EngUsh, 
Italian-English . 

By Ernst Artsewager; French-English, by 
Edtvina M. Smiley. 

The Williams tt* Wilkins Co. 
$3 . Z5 yl X 5 ; 103 Baltmore 

A handy little dictionary of technical 
botanical terms in the languages specified 
in the title, which now appears in a 
second edition. 


GENERAL SYSTEMATIC BACTERI- 
OLOGY. History, Nomenclature, Groups of 
Bacteria. 

By R. E. Buchanan. 

The Williams & Wilkins Co. 
$6.00 6x9; 400 Baltmore 

This text-book is the first volume in a 
projected series of monographs in the 
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general field of systematic bacteriology. 
Of the three parts into which the book is 
divided, the first deals with the classifica- 
tion of the genera and higher groups of 
bacteria from an historical viewpoint, 
giving in detail the different schemes of 
classification which have been proposed 
in the period 1773 to 1911. The second 
part deals with biological codes of 
nomenclature and their application to the 
specific nomenclatorial problems of bac- 
teriology. Finally, the bulk of the book 
is made up of an alphabetical list of the 
names which have been applied to groups 
of bacteria of higher rank than species — 
that is, genera and sub-genera — and their 
present nomenclatural status. The book 
closes with a bibliography covering 
pages and indices covering 37 pages. 
A solid, substantial reference work. 


BAKTERIOLYSE. Einskhten und Aus- 
skhten (Mit besonderer Beruchichtigung der 
d'Herelk- md Much-Lyse). Moderne Biol- 
ogk Heft 

By Dr. Artur Haim. Curt Kabit^sch 

Rm. 2. 7I X 5; 84 Leipzig 

A concise account of the phenomenon of 
lysis in bacteria which discusses, without 
reaching any final conclusions, the prob- 
aWe biological nature of the processes 
involved. , There is a bibliography of 
13 titles. 

PHOTOSYNTHESIS. The Assimilation of 
Carbon by Green Plants. 

By Walter Stiles. 

Longmans^ Greers Co. 
$5 .50 5I X 8f ; vii -f 168 London 
This is a technical work of first rank, 
assembling and reviewing critically the 
present state of knowledge regarding 
photosynthesis in plants. It will natur- 


ally and necessarily find a place in every 
biological library which makes any claim 
to adequacy. 

MORPHOLOGY 

A TEXT BOOK OF VERTEBRATE 
EMBRYOLOGY. Treated from the com- 
parative standpoint. 

By Pjith L. Phillips. Lea and Febiger 
$3.50 8 X 5I; xii -f- 301 Philadelphia 

A brief elementary text book, well 
illustrated, and put together with a good 
deal of pedagogical skill. The first third 
of the book is devoted to the early develop- 
ment, and the last two-thirds to the 
embryology of the different organ sys- 
tems. An excellent summary chapter of 
38 pages at the end brings out the signifi- 
cance of the evidence from vertebrate 
embryology for organic evolution. 


THE VERTEBRATE SKELETON FROM 
THE DEVELOPMENTAL STAND- 
POINT. 

By J. S. Kingsley. 

P. Blakistons Son Co. 
$6.00 X 9I; viii + 337 Philadelphia 
A ripe and authoritative treatise on 
comparative vertebrate osteology by a 
master in this field. There is a bibliog- 
raphy of II pages. Excellent indices 
close the work. 

AN INTRODUCTION TO THE FINER 
ANATOMY OF THE CENTRAL NER- 
VOUS SYSTEM BASED UPON THAT 
OF THE ALBINO RAT. 

By E. Horne Craigie. 

P. Blakistons Son & Co. 
$3.00 6 X 8i ; 194 Philadelphia 

A concise but adequate monograph on 
the anatomy of the central nervous system 
of that standard laboratory animal, the 
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albioo rat. It is well illustrated with 
original drawings and carries a bibliog- 
raphy ten pages in length. Monographs 
of this type on standard laboratory ani- 
mals are extremely valuable additions to 
the literature. 

ETUDES SUR LES LEMURIENS. An- 
atomie comfark des fosses nasales et de 
leurs annexes. 

By Max Tiollmann and Louis Papin. 

Librairk Octave Doin 
12. francs x loj 61 Paris 

The fascicle of the Archives de MorphoT 
ogie Ghnerale et Experimentale is a technical 
piece of research on the morphology of 
the nasal fossae in the Lemuridae. The 
most important conclusions reached are: 
First, that the nasal anatomy indicates 
that the Lemuridae are to be divided into 
two distinct groups, the Madagascan 
forms and the extra-Madagascan forms; 
and, second, that the nasal fossae of 
Lemuridae are constructed on a type 
absolutely distinct from that of this region 
in the primates, with the exception of 
Tarsiusy which shows the characteristic 
relations seen in the monkey. The results 
bring new evidence supporting the conclu- 
sion that Tarsius is an important form in 
any consideration of the evolution of the 
primates. 


RECHERCHES ANATOMIQUES SUR 
UAPPAREIL GENITO-URINAIRE 
MALE DES SIRENIENS. 

By G. Petit. Librairk Octave Doin 

40 francs 6i x 10; iii -f 316 Paris 
An extensive piece of original research 
on the male genito-urinary organs of the 
Sirenians. It constitutes Fascicle 13 of 
the Archives de Morphologic Genirale et 
Experimentale. There is a bibliography 
covering six pages. 


ALLGEMEINE VERGLEICHENDE 
FORMENLEHRE DER TIERE. 

By Eduard Jacobs hagen. 

Dr. Werner Klinkhardt 

Geh. Mk. 19. 

Geb.Mk.xi. 50. 6|xio;viii-f-x58 Leipzig 
An excellent treatise on a subject now 
much neglected in the biological dis- 
cipline, general comparative morphology. 
The book is fully and well illustrated and 
contains a literature list of 101 titles. 
Translanted into English it would make a 
first-rate textbook of comparative mor- 
phology for American colleges and univer- 
sities. 


PHYSIOLOGY 

THE VITAL CAPACITY OF THE 
LUNGS. 

By J. A. Myers. 

The Williams Wilkins Co. 
$3.15 6x9; 140 Baltimore 

An interesting, if not very critical, 
expression of the great revival of interest 
among clinicians of the measurement of 
“vital capacity,” by which is meant the 
number of cubic centimeters of air in a 
single expiration from the lungs. An 
excellent bibliography, covering 16 pages, 
is included. 

HUMAN PHYSIOLOGY. A Text-Book 
for High Schools and Colleges. 

By Percy Goldthwait Stiles. 

W. &. Saunders Co. 
$x.x5 8 X 5L 435 Philadelphia 

The fourth edition of a popular elemen- 
tary textbook. The book is reliable on 
technically physiological matters, but 
not always so on general biological points, 
as, for example, on page 408 where the 
statement regarding the hereditary in- 
fluence of alcohol is directly opposite to 
the mature conclusions of all the recent 
critical experimental work in the field. 
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NUTRITIONAL PHYSIOLOGY. 

By Percy Goldthwait Stiles. 

W. B. Saunders Co. 
$z.Z5 8 X 5I; 307 Philadelphia 

The fourth edition of a well-known 
elementary text on nutrition. 


LE METABOLISME DE BASE EN 
PHYSIOLOGIE ET EN PATHOLOGIE. 
By Emile F. Terroine and Edgard Zunx^. 

Les Presses Unhersitaires de Prance 
zo francs x 9^; 187 Paris 

A very valuable summary of the present 
state of knowledge of basal metabolism, 
developed from the standpoint of physi- 
ology by the distinguished Professor of 
General Physiology in the University of 
Strasbourg, Doctor Terroine, and from the 
viewpoint of pathology by Doctor Zunz, 
the Professor of Therapeutics at Brus- 
sels. The book includes a bibliography of 
zi pages in length, and is highly to be 
recommended as an authoritative treat- 
ment of the subject. It is published in an 
interesting new series entitled Les Proh- 
lemes Biologiques, which is a collection of 
monographs appearing under the pa- 
tronage of the Technical Committee for 
Natural Sciences of the Presses Universi- 
tains de France, 


FOOD AND ^HEALTH. 

By R. H, A. Plimmer and Violet G. Plimmer. 

Longmans, Green & Co. 
$i.Z5 5 X yf ; 64 London 

* This is a concise treatise, in popular 
language and style, setting forth for the 
lay reader the present state of knowledge 
regarding the physiology of nutrition. 
It is well written and illustrated and will 
form a valuable addition to secondary 
school and college biological libraries. 


HEALTH AND ENVIRONMENT. 

By Leonard Hill and Argyll Campbell. 

Longmans, Green and Co. 
$4.zo 8| X 5I; xi + Z08 Hew York 

In this book is embodied, in rewritten 
and reedited form, the substance of three 
memoirs originally issued as reports of 
the Medical Research Council, having 
the titles: “The Science of Ventilation and 
Open Air Treatment, Parts I and II,” and 
“The Kata-Thermometer in Studies of 
Body Heat and Efficiency.” These re- 
ports were of great interest and value to 
physiologists and it is advantageous to 
have the material now available in book 
form for wider circulation. The student 
of ecology will find this work extremely 
suggestive. 

BIOCHEMISTRY 

THE FATS. 

By J.B. Leathes and H. S. Paper. 

Longmans, Green and Co. 
$4. 50 8f X 5! ; X i -f zo8 New York 
A new edition of what is by common 
consent regarded as the authoritative 
treatise on the biochemistry of the fats. 
Considerable new material has been added 
and the extensive bibliography brought up 
to date. 

FUNDAMENTALS OF BIOCHEMIS- 
TRY. In Pelation to Human Physiology. 

By T. R. Parsons. 

The Williams & Wilkins Co. 
$3.00 4I X 7I; xii + Z95 Baltimore 
The second edition of what is one of the 
best of elementary treatises on biochemis- 
try for the student of general biology. 
The principal changes from the first edi- 
tion consist in the addition of a discussion 
of insulin, and a discussion of Werner’s 
views regarding the constitution of urea. 
Brief, but well chosen, bibliographies 
follow each chapter. 
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PRACTICAL PHYSIOLOGICAL CHEM- 
ISTRY. 

By Sydney M. Cole. 

The Williams dY Wilkins Co. 
$4.00 9 X 5-|; xvi + 405 Baltimore 

The sixth edition of a well-known 
laboratory manual. 

THE EFFECTS OF IONS IN COLLOIDAL 
SYSTEMS. 

By Dr. Leonor Michaelis. 

The Williams Wilkins Co. 
$1.50 5 ^ Baltimore 

Contains the substance of lectures given 
in April and May 1914 by Professor 
Michaelis at various American universities 
on the following topics; Adsorption; 
electric phenomena produced by the 
adsorption of ions; the origin of the elec- 
tric double layers; the properties of char- 
coal; the connection between discharge, 
adsoiption and flocculation; the so-called 
Donnan equilibrium; lyotropic effects of 
ions; mixtures of electrolytes. The book 
lacks an index, which seems a pity, and 
there are no specific, documented, biblio- 
graphical references. 

PHYSICAL CHEMISTRY. Its Bearing 
on Biology and Medicine. 

By J. C. Fhilip. 

Longmans^ Green and Co. 
$1.80 7I X 5J; viii "h 367 New York 
In this third edition of a well known 
elementary text the chief addition has been 
a discussion of hydrogen ion concentra- 
tion and buffer mixtures in the last chap- 
ter. Throughout the book the material 
has been brought up to date, with the 
addition of bibliographical references to 
recent works. This is one of the best of 
the numerous books dealing with physical 
chemistry from the viewpoint of the needs 
of the biologist. 


CHEMICAL DYNAMICS OF LIFE 
PHAENOMENA. 

By Otto Meyerhof. 

J. B. Lippincott Co. 

Si X 5}; no Philadelphia 

This book is made up of a series 
of lectures given in the spring of 1913 
at various American universities. The 
topics dealt with are: The physico-chemi- 
cal mechanism of cell respiration; autoxi- 
dations in the cell; chemical relations be- 
tween respiration and fermentation; the 
transformation of energy in muscle; the 
energetics of cell processes. A bibliogra- 
phy of 163 titles is appended. 

HANDBUCH DEll BIOLOGISCHEN AR- 
BEITSMETHODEN. Liefcrung 166. 
Fermentforschung. Containing following 
articles: Lah ferments., by S. G. Hedin; 
Reindarstcllung des Pepsins., by C. A. 
Pekelharing; Arginasc und Urease, by Theo- 
dor Sabalitschka; Alkohol oxydase der Essig- 
hakterien, by Jakob Meisenhcimer; Dar- 
stelhmg and Nachweis von O.xydasen und 
Katatasen pjlan‘;t^licljer und tieriscber Her- 
kunft. Metlmkn iJmr Anwendimg, by Rob- 
ert Chodat; Indikatormcthoden tium Nach- 
weis von Zelloxydationen, by Werner Lip- 
schitz; Reindarstdlung der Katalasen, by 
H. V. Euler; Carhohydrassn-Proteasen 
Peptasen, by Julius Wohlgemuth. 

Urban df Schivarzenberg 
M. 10.50 7 X 10; 160 Berlin 

The scope of this number of Abder- 
haldcn’s handbook is sufficiently indicated 
by the subtitles for the different parts. 


THE NATURE OF ENZYME ACTION. 
By Sir W. M. Bayliss. 

Longmans, Green and Co. 
$3.2.5 63,- X 9a; i-vih, aoo London 

This is the fifth edition of this book, 
which is published in the series of “Mono- 
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graphs on Biochemistry.” The chief 
additions and corrections in this edition 
relate to the methods of purification of 
enzymes and to the problem of equilibrium 
in heterogeneous catalysis . The book was 
put through the press during the lamented 
author’s last illness. There is a bibli- 
ography of nearly 10 pages in length. 


LA CONCENTRATION EN IONS HY- 
DROGENE ET SA MESURE PAR LA 
METHODE ELECTROMETRIQUE. 
plication aux variations de ! iquilihre acide- 
base du sang^ a V etat physiologique et a 
V et at pathologiqtie — action de colloides elec- 
triiims en injection intraveineuse. 

By Maurice Vincent. 

Librairie Scientijique J. Hermann 
50 cents. x 10; loz Paris 

A useful, concise treatise on the signifi- 
cance of hydrogen ion concentration in 
various biological matters, but with spe- 
cial reference to the acid-base equilibrium 
of the blood. There is a bibliography 
covering 13 pages. 


PHYSIOLOGICAL AND CLINICAL 
CHEMISTRY. 

By Wm, A. Pearson and Joseph S. Hepburn. 

Lea and Febiger 
$ 4 .«o 5J X 8; xvi -f- 306 Philadelphia 
A new textbook of physiological chem- 
istry for students of medicine. It is 
interleaved fof notes and is intended to be 
used both for study and reference and as a 
laboratory guide. It works out in the 
end, however, to be essentially an ex- 
oellent laboratory outline. 


BIOMETRY 

HANDBUCH DER BIOLOGISCHEN AR- 
BEITSMETHODEN. Lieferung 165. 
W ahrscheinlichkeitsrechnung, Methoden der 
kleinsten Quadrate, Kollektivmasslehre. 


By G. Polya, and Biometrik und Variations’- 
statistik, by Paul Riebesell. 

Urban Schwartenberg, 
M. 6.60 7 X 10; i6z Berlin 

This number of Abderhalden’s Hand- 
book of Biological Technique deals in an 
elementary but, on the whole, sound way 
with the theory of probability and bio- 
metric technique. For American readers 
it possesses no advantage over other 
readily available textbooks in these sub- 
jects, but will probably serve a useful 
purpose in Germany. 

AN INTRODUCTION TO THE 
METHODS OF ECONOMIC STATIS- 
TICS. 

By William Leonard Crum and Alson Currie 
Patton. A. W. Shaw Co. 

$6.00 5! X 8|; xii + 433 Chicago 

Another textbook of statistical 
methods, in this case with special refer- 
ence to economic data. It covers about 
the same ground as other well known 
textbooks in the field, with rather more 
attention to the type of correlation which 
arises in connection with time series than 
is usually given. 

SEX 

THE INTERNAL SECRETIONS OF THE 
SEX GLANDS. Fhe Problem of the Puberty 
Gland. 

By Alexander Lipschut^. 

The Williams dT Wilkins Co. 
$6.00 si X 8|; xviii +507 Baltimore 
A general treatise on the endocrine 
physiology of the sex glands, based pri- 
marily on the author’s personal researches, 
but reviewing generally from that point of 
view the literature in the field. The work 
is extensively illustrated, and furnishes 
long bibliographies of the original litera- 
ture, following each chapter. The sub- 
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jects treated are: Sexual dimorphism and 
the secondary sexual characters; the re- 
sults of castration; the internal secretions 
of the sexual glands; the seat of production 
of the internal secretion of the testicle; the 
seat of production of the internal secretion 
of the ovary; the sex specific action of the 
testicular and ovarian hormones; the ques- 
tion as to the isolation of the sexual horm- 
ones; the seminal vesicles and the prostate 
gland; intersexuality; eunuchoidism; sex- 
ual hormones and morphogenesis; the 
problem of rejuvenation. The distin- 
guished authority, Prof. F. H. A. Mar- 
shall, says in his introduction that “as a 
guide to the literature of a branch of 
endrocrinology that has grown rapidly in 
recent years the work should be of great 
value.” It is well indexed. 

AN INTRODUCTION TO SEXUAL 
PHYSIOLOGY. 

By F. H. A. Marshall. 

Longmans, Green & Co. 
$2.. 75 54 X 8|; xii + 167 London 

This books is intended to meet the needs 
of biological, medical and agricultural 
students for a more concise treatment of 
the subject of sexual physiology than that 
of the author’s well-known book, “The 
Physiology of Reproduction.” It is com- 
pletely authoritative and admirably suited 
to fulfil this real need. 

SEX AT CHOICE. 

By Mrs. Monteith Erskine. 

G. P. Putnam s Sons 
50 5I X 7I; xxvi + 187 New York 
This entertaining volume, written in a 
spirit of deep earnestness and high moral 
fervor, with a preface by the author’s hus- 
band, who is a Member of Parliament, 
sets forth what the author firmly believes 


to be the true secret of controlling the sex 
of offspring at will. The theory has but 
one slight defect; it is not true. The 
thoughtful reader will find in it an inter- 
esting example of the well-known fact 
that meticulous honesty and sincerity are 
not the only requirements for a sound and 
successful scientific methodology. 

PUBERTE ET MATURITY SEXUELLE. 
(Etude histologiq^ue et ex^erimentaUF) 

By Ed. Retterer. Lihrairk Octave Doin 
10 francs 5I x 9; x -f 2.08 Paris 
This is a record published in book form 
of a series of investigations by the author 
on the significance of the interstitial cells 
of the testis and ovary. The general con- 
clusion reached is that these cells play a 
very slight, if any, r 61 e in the endocrine 
activity of these organs. 


REJUVENATION BY GRAFTING. 

By Serge Voronoff. Adelfhi Co. 

$6.00 5 J X 8§; ZZ4 New York 

This is an English translation of 
Voronoff’s much discussed book, “Quar- 
ante-trois greffes du singe a i’homme.” 
The evidence offered falls a long way 
short of demonstrating that the grafting 
of anthropoid testicular tissue into men 
produced any real rejuvenation, or ^ctai 
tion of senescence. 


UBER DEN INZEST. 

By Heinrich To Hen. Fran^ Deudeke 

3 Marks loj x 7; vi + 91 Leipiig 
A gruesome record of the case histories 
of persons convicted of incestuous prac- 
tices. It has the value of an original 
document for students of dysgenic and 
anti-social phenomena. 
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PSYCHOLOGY AND BEHAVIOR 

CHIMPANZEE INTELLIGENCE AND 
ITS VOCAL EXPRESSIONS. 

By R. M. Yerkes and Blanche W. Learned. 

The Williams & Wilkins Co. 
$3.50 5X7|;i57 Baltimore 

The senior author reviews in the first 
part of this book rather briefly some of the 
more outstanding results of his study of 
the mental traits of a pair of chimpanzees. 
The second part of the book gives in detail 
the reduction to musical notation of the 
various sounds emitted by these chimpan- 
zees in the course of their daily life. 
A bibliography of 11 titles closes the 
book, which would have been improved 
by the addition of an index. 


SOCIAL PSYCHOLOGY. 

By Knight Dmlap. 

The Williams & Wilkins Co, 
$4.00 6x9; 161 Baltimore 

A well written treatise by a psycholo- 
gist of the first rank on the psychological 
factors or elements in social organizations 
of various sorts. The topics discussed 
are: The field of social psychology; sex 
differences; marriage and the family; 
religious organization; civic and martial 
organization; the condition of social prog- 
fesi^he principles of social organizations; 
and ^teaganda. The book can be recom- 
mended^' highly entertaining as well as 
soun^^ informative. 


jiU GEGENWARTIGEN STAND DER 
LEHRE VON DEN REFLEXEN. 

^By Dr, M. Minkowski, Orsll Fussli 

Fr. 4.50 6| X 9i (paper); 61 Zurich 


This book constitutes the first number of 
a series of Neurologische und fsychiatrische 
Ahhandlungen under the general editorship 
of Professor von Monakow. It is a 
thorough-going review, with extensive 
bibliographical documentation, of the pres- 
ent state of knowledge regarding reflexes. 
A considerable section of the work deals 
with the interesting subject of the embry- 
onic development of reflex 


ALMOST HUMAN. 

By Robert M, Yerkes. 

The Century Co, 

$3 .00 5-2 X 85; xxi + 178 New York 

This book deals in the main with an 
account of the well-known colony of 
anthropoids established and maintained 
by Senora Rosalia Abreu on her estate near 
Havana. At the same time it contributes 
a great deal, out of the author’s wide 
fund of knowledge, to our understanding 
of the psychology of the primates below 
man. There is a bibliography of lo 
titles, but no index. 


ANIMALS LOOKING INTO THE 
FUTURE. 

By William A. Kefner. 

The Macmillan Co, 
5I X ix -F 197 New York 
This a valuable and important little 
book. It should be in every biological 
library. It presents in a thoroughly 
sound and, at the same time, entertaining 
manner, the established facts regarding 
the teleological element in the behavior of 
lower organisms. 
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THE EVOLUTION OF THE HORSE. A RECORD AND 
ITS INTERPRETATION 

By W. D. MATTHEW 

Tbe American Museum of Natural History 


INTRODUCTION 

T geological record of the 
Ancestry of the Horse is one 
of the classic examples of 
evolution . For this there are 
several reasons. First, the horse is a 
familiar animal; everyone knows what it 
is like, its habits, and is interested in 
learning how it got that way. Second, 
its fossil record is the most complete 
among the larger animals; and third, the 
outstanding changes in teeth and skeleton 
and easy to specify, and it is 
cuk to understand their signifi- 
cance inV^/iial mechanics and adaptation. 

It oeen a classic for fifty years or 
more Aut the fossil evidence has vastly 
incmsed during that time, and especially 
d^ng the last twenty or thirty years. 
Where Marsh and Cope and Leidy de- 
pended upon a few specimens, mostly 
fragmentary, we have today great series 
of complete skulls and skeletons; where 
their knowledge of the geologic succes- 
sion was sketchy and generalized, ours is 
far more exact and certain. Yet there is 
very little to alter in what they had to 


say, although much to add; and it is the 
highest tribute to the insight and sound 
scientific method of these pioneers that 
their early work remains with but little 
change as the foundation of our present 
knowledge. 

In this essay I shall attempt to give an 
outline first of the facts of record, the 
fossil evidence as it stands today, and 
second of the interpretation of that record, 
what it signifies and what it proves in the 
light of various aspects of modern re- 
search. So far as the facts are concerned, 
they are not cited from authority, but 
with very few exceptions are stated from 
first-hand knowledge and observation. 
Much of the detailed evidence on which 
these statements rest has been published 
by various authors, and the more impor- 
tant publications are listed at the end of 
the paper. Much of it is still unpublished 
material in the American Museum and 
elsewhere collected principally during the 
last few years. This unpublished mate- 
rial is responsible for various minor dis- 
crepancies between statements here made 
and those of previous writers. The in- 
terpretation of the evidence represents my 
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to discuss such divergences of interpreta- 
tion as may appear by comparison with 
the authorities cited. The views here 
outlined appear to me reasonable, con- 
sistent with each other, and conformant 
with what I know of nature and of 
natural science. 

The illustrations are mostly from the 
files of the Department of Vertebrate 
Palaeontology. I have added a few 
diagrams and altered others to bring them 
up to date. 

CHAB-ACTERS OJ THE SKELETON 

The documents which constitute our 
record of the Ancestry of the Horse are 
skeletons or various parts of skeletons. 
The soft parts are never preserved as fos- 
sils. In order to understand what the 
fossils signify we must first know what 
the skeleton, bones and teeth of a horse 
are like, and how they differ from those 
of other animals. 

Compared with the skeleton of man, 
there are many contrasts in proportion, 
and yet the underlying construction has 
much in common. The skull of a man is 
short and round and almost all brain-case; 
the skull of a horse is long and almost all 
face; yet they are made up of the same 
bony elements sutured together and re- 
lated to each other in the same way, the 
processes for attachment of muscles, fora- 
mina for nerves and blood-vessels, rela- 
tions of the teeth and location of various 
sense organs all correspond. The con- 
trast is due to differences of proportion, 
of si^e and form of different bones or 
parts of bones; the fundamental construc- 
tion is identical. 

The face of the horse is extended far 
forward to accommodate a powerful battery 
of grinding teeth and a set of cropping 
teeth in front of them. These teeth are 
forty-four in number, three incisors, a ca- 
nine, four premolars and three molars on 
each side of upper and of lower jaw; and 


all the permanent teeth except the molars 
and anterior lower premolars (pi) arc 
preceded by milk teeth. The pi however 
is very small and early lost, and the upper 
canines are developed only in the male. 
There are thus ordinarily only forty; 
fourteen cropping and twenty-six grind- 
ing teeth. In man the teeth are reduced 
to thirty-two — two incisors, a canine, 
two premolars and three molars on each 
side above and below. 

The cropping teeth are somewhat like 
our incisors but longer crowned, with an 
inner crest separated by a deep pocket from 
the outer crest. This pocket is known as 
the “mark" because with the wear of the 
tooth it is gradually reduced and finally 
obliterated, and one can judge of the age 
of a horse by the size of the “mark.” 

The grinding teeth (excepting the first 
upper premolar which is small and simple) 
are square prisms with a complex pattern 
of infolded enamel on the wearing sur- 
face, and the valleys between the enamel 
filled with “cement,” which also invests 
the outer surface. The prism is pushed up 
in the jaw as it wears off on the surface, 
and the harder enamel forms at all stages 
of wear little ridges supported by dentine 
on one side (originally the inside of the 
tooth) and cement on the other. The 
cement is deposited on the tooth as it 
comes up in the jaw, before it 
through the gums, but the^ 
dentine are formed at an ea\ in 

the development of the tooth, '^^Mikitis 
within the dental chamber. The^^nsni- 
shaped teeth are composed of 
parts as human teeth, but the crov 
greatly elongated vertically (hypsodont^ 
and the cement is a new structure deposit 
by special glands which are claborati 
from the lime-secreting alkaline salivary 
glands. The crowns of the teeth push up 
through the gums and begin to weai 
before the roots are completed, but at 
5~8 years the roots close, and thenceforth 
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the tooth ceases to grow at the base, and 
is pushed up and worn down until it is used 
upj when the animal dies because it can 
no longer chew its food. 

The record shows the evolution of these 
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Fig. 4. Displacement oethb Carpal and Tarsal 
Bones in Eohippus, Mesohippus, Merychippus 
AND Equds 

The median caq^als and tarsals are broadened out 
with the growth of the third digit, the iateral meta- 
podials arc progressively pushed out from the sup- 
port of the foot, while the lateral podia! bones, ex- 
crat the trapezium, acquire a footing on the head 
of the third metapodial, thereby strengthening the 
carpal and tarsal joints at some expense in flexibility. 


long-crowned complex grinders from small 
short-crowned simple teeth much more 
like the human molar. 

The skeleton of a horse likewise corre- 
sponds in construction to that of a man, 
again with wide differences in proportions. 


There are seven neck vertebrae, but very 
much longer than in man, although the 
parts and processes correspond. There 
are nineteen rib-bearing vertebra; aT 
against twelve in man, and they carry 
quite high median spines making the 
crest of the shoulders. The ribs and 
breastbone form a box which is deep and 
narrow in contrast to the wide shallow 
chest of man. The pelvis has the same 
parts and relations, but wholly different 
proportions from the basin-shaped pelvis 
of man. The tail is long and free in- 
stead of the curled-in vestige retained in 
man. The shoulder-blade is long instead 
of broad. The limb bones are strong and 
heavy instead of long and slender. 

In man, as in all primitive and many 
modern mammals, the fore arm and leg 
have two separate bones, radius and ulna, 
tibia and fibula, which can move one 
around the other so as to permit rotation 
of the hand or foot. This is wholly lost 
in the horse. Radius and ulna are solidly 
co-ossified, and the shaft of the ulna is a 
slender thread plastered against the back 
of the radius. The fibula is similarly 
reduced and co-ossified, except that part 
of the shaft has disappeared instead of 
consolidating with the tibial shaft. 

The feet are still more specialized in 
the horse. It walks, so to speak, upon 
its middle fingernail, and the sid^te;is5iw 
disappeared. The one remaitung ffigit is 
nearly as long as the other segments of the 
limb, the metapodials or cann(5h-bones 
being much elongate with cylindrical 
shafts. Behind these shafts are the splint 
bones, vestiges of the second and fourth 
digits, and occasionally in modem horses ' 
a tiny nodule of bone may be found 
careful dissection, which is the last trace 
of the fifth digit of the fore foot. The 
form of the bones and joints differs from 
that in man in numerous details which 
adapt the limbs and feet for locomotion,’^ 
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giving strength and powerful leverage at the majority of existing mammals, which, 
the expense of most of its flexibility. like man, had five toes on each foot, and 

The record shows the progressive stages the limb and foot much better adapted 



Fig, 5. Progressive Consolidation oe Radius and Ulna: Eohippus, Mesohippus, Mbrychippds and Eq,uus 

in the evolution of this highly specialized to various uses. The earliest known 
organ of locomotion from a foot much stage in the ancestry of the horse has four 
nearer that of primitive mammals and of complete separate digits of nearly equal 
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size on the fore foot, and three on the 
hind foot, with vestiges of the two mis- 
sing ones. Future discovery may enable 


various textbooks, especially Chubb 
(igii), Lydekker (igiO. and Sisson 
(1910). 






Fig. 6 . Progressive Reduction oe the Fibula: Eohippus, Mesohippds, Merychippus and Equus 


US to trace the ancestiy back to a five- 
toed form. 

Excellent accounts of the osteology of 
the horse, the development of the teeth, 
and its general anatomy may be found in 


LIVING SPECIES OE HORSES AND THEIR 
RELATIVES 

The breeds of the domestic horse vary 
widely in size and considerably in general 
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proportions, as well as in color and various 
superficial characters. The extremes of 
size in the Shetland pony and the Per^ 
cheron draft-horse, of proportions in the 
slim compact race-horse and the massive 
plow-horse, are wide apart. Yet, aside 
from the characters on which the em^ 
phasis of breeding has been placed, all 
domestic horses agree very closely. The 
pattern of the teeth agrees closely through- 
out; so also there are innumerable details 
throughout the skeleton which are con- 
stant or very slightly varying. And all 
interbreed freely with no loss of fertility 
in the offspring. 

The domestic ass has no great diversity 
of breeds, and is distinguished from the 
horse by a number of constant characters 
in the teeth, skull and skeleton, as well 
as by the sterility of the hybrid offspring. 
In the tooth pattern there are some details 
that are not very obvious but quite con- 
stant— -notably the absence of the "cabal- 
line fold" of the upper molars. 

The various wild species are in varying 
degree infertile with the domestic horse 
and with each other, and distinguished by 
surface characters often obvious enough, 
but all are much alike in teeth and skeleton 
and not easily distinguished. The 
wild ass of North Africa is believed 
to be the progenitor of the domestic 
■§pecies, and among the true wild horses 
and feral races found in Central Asia are 
probably the descendants of the original 
wild stock of the domestic horse. In 
Africa south of the Sahara are several 
kinds of zebras usually grouped in three 
distinct species still living; a fourth, the 
quagga, became extinct during the nine- 
teenth century. The zebras are readily 
distinguished by the color pattern, and 
there are some differences among them in 
the form of the skull and other details, 
but in the teeth they are almost indis- 


tinguishable from each other or from the 
domestic horse. 

All the species of the horse family are 
thus very much alike in teeth and skeleton, 
and by this criterion nearly related to 
each other. They stand in a group apart, 
widely different from any other animals, 
so much so that the ' were formerly 
placed by naturalists in a distinct order 
Solipeda. The great anatomist, Richard 
Owen, recognized however that under- 
neath the diversity of form and propor- 
tions there were certain underlying iden- 
tities in construction of skeleton, pattern 
of teeth, and other anatomical characters, 
between horses, tapirs and rhinoceroses, 
and united them in the order Perissodac- 
tyla or odd-toed ungulates, separating them 
from the Artiodactyla or even-toed un- 
gulates including most other hoofed ani- 
mals (pigs and peccaries, hippopotami, 
camels, deer, giraffes, antelopes, sheep 
and cattle). 

The astragalus in Perissodactyla has 
always an oblique pulley- joint with the 
tibia, and a nearly fiat distal facet; the 
axis of symmetry in the hind foot passes 
always through the center of the middle 
digit; the premolars always are more or 
less like the molar teeth, and later re- 
searches than Owen’s have shown that 
there is always the same fundamental 
pattern in the molar teeth of Perissodac- 
tyla although variously modified in the 
different families. 

The rhinoceroses have three toes on 
each foot, short, stout, somewhat spread- 
ing, and of subequal size, and the teeth 
moderately high-crowned with a com- 
paratively simple pattern of an outer 
crest and two oblique cross crests, and 
little or no cement. Their front teeth 
have either been wholly lost or a single 
pair of stout lower tusks remains, some- 
times also a pair of upper tusks. All 
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modern rhinoceroses have horns, one, 
or two arranged tandem. 

The tapirs have four toes on the front 
foot, and three on the hind foot, their 
cheek teeth are short-crowned, with a 
simple pattern of cross crests, united 
by an external loop in the upper teeth; 
the front teeth arc of cropping type, some- 
what as in the horse, but lacking the inner 
crest and “mark.'* The muzzle is de- 
veloped into a prehensile proboscis or 
short trunk, and the conformation of the 
skull considerably modified for attachment 
of the necessary muscles. 

These three types of hoofed animals are 
very diverse in their external appearance, 
habits of life, and environment. The 
horses, living wholly in the open plains 
and feeding upon short dry grasses, swift 
footed, unarmed, escaping their enemies 
by flight, represent one perfected special 
adaptation. The rhinoceroses, living 
mainly in the bush and open forests, 
feeding upon the coarser grasses, leaves 
and twigs, powerful and heavily armored 
for offense and defense, represent a second 
specialized type. A third is seen in the 
tapirs, inhabitants of the dense forests and 
swampy jungle, browsing upon its lush 
vegetation, excellent at wading and swim- 
ming, hiding from their enemies in thicket 
or stream. 

The fossil record of the Perissodactyla 
is exceptionally complete, and shows that 
horse, rhinoceros and tapir are three 
diversely specialized survivors of a large 
group of animals which were formerly 
much more abundant and were the prin- 
cipal hoofed animals of the older Tertiary. 
They included several other specialized 
groups now extinct, various intermediate 
types, and the record of all or most of 
these can be traced back through the 
Tertiary period, gradually converging 
into a common primitive stock. From 
this primitive stock, which appears in 


the known record near the beginning of 
the Tertiary period, can be traced through , 
many successive intermediate stages the 
evolution of the horse, rhinoceros and' 
tapir, the three surviving specializations, 
and also the ancestry of the Titanotheres, 
Chaiicotheres, and other specialized types 
which have become extinct. 

This record is derived from the succes- 
sion of geological formations in the 
United States and in Europe, and the 
primitive Perissodactyla appear suddenly 
in both regions at the beginning of the 
true Eocene. Presumably they were in- 
vaders from some other region, not yet 
adequately explored by geologists, or in 
which the geological record has not 
been preserved. If the former, we may 
expect to discover the earlier stages of 
ancestry and to trace back the ancestry 
of these primitive Perissodactyla to a 
five-toed stage probably representing the 
common ancestry of these and other pla- 
cental mammals. If the latter, the solu- 
tion of the origin of the higher mammals 
will remain as it is now, dependent upon 
anatomical and other indirect evidence. 

FOSSIL HORSES OF THE AGE OF MAN 

Remains of horses have been found in 
the surface formations, of Pleistocene 
age, in all parts of the world. In the 
recent soils and sediments accumulated 
during the last few centuries," the bones 
are mostly those of domestic animals, and 
are not fossils in the customary sense of 
the word. They are little if at all altered 
by petrifaction, and belong to various 
breeds of the domesticated horse, E^ms 
cab alius. They are sometimes of interest * 
to historians, archaeologists, or in re-- 
searches into the origin of the various 
breeds of horse. 

The Pleistocene horses, prehistoric and 
much more ancient, were contemporary 
with primitive man and with the great 
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Ice Age or Glacial Period. They cover a 
period from a few thousand years ago to 
the beginning of the Pleistocene variously 
estimated from a hundred thousand up 
to a million or more years old. They are 
found in all the great continents excepting 
Australia, and are referred to various 
species, some still existing, others extinct. 
In the New World all the fossil horses are 
extinct, and, in North America at least, 
appear to be limited to the older part of 
the Pleistocene; in South America they 
seem to have survived longer, and are be- 
lieved by some authorities to have given 
origin to the herds of wild horses (mus- 
tangs) that ranged the Argentine plains 
as early as the sixteenth century A. D. 
The more generally accepted conclusion 
is that the existing wild horses in South 
America, as in North America, are all 
'Teral,” that is to say, escaped from 
domestication and not truly wild, and 
that they are the descendants of animals 
brought over by the Spaniards and other 
early colonists. They have the charac- 
ters of the domestic species and inter- 
breed freely with it. 

In Africa, on the other hand, the Pleisto- 
cene horses have survived to the present 
day in the various species of zebra, and in 
the wild ass of Somaliland, the latter the 
progenitor of the domestic ass. The wild 
asses of central Asia, belonging to three or 
more closely allied species or sub-species, 
are slenderly proportioned, graceful and 
swift animals quite distinct from either 
the true horse or the domestic ass. In 
Central Asia there are also wild true 
horses, regarded as the probable pro- 
genitors of the domestic breeds. The 
modern horse is regarded by Ewart and 
others as derived from three distinct 
strains, one European, inhabiting the 
northern forests, a second, the steppes of 
Central Asia and eastern Europe, a third, 
the plains and deserts of North Africa and 


southwestern Asia. Whether these were 
all derived in turn from a wild species in- 
habiting Central Asia in the early Pleisto- 
cene, and whether they were separately 
domesticated by different primitive races, 
or brought with them from their early 
home in Asia and modified under domesti- 
cation to suit the environment of forest, 
steppe and desert, are interesting questions 
not yet conclusively settled in the present 
writer’s judgment. 

All the modem horses, asses and zebras, 
and all the Pleistocene species of the Old 
World and North America, are very much 
alike in teeth and skeleton, so that it 
has been customary to include them all 
in the single genus E^ms. There are 
considerable differences in size and propor- 
tions of the limbs, and more obvious 
diversity in color and markings of the 
skin, so that many modern systemadsts 
separate the zebras, asses and true horses 
into different genera. For the palaeon- 
tologist it is more convenient to retain the 
old inclusive genus. 

In South America, besides the various 
fossil species of E^ms, two or more extinct 
genera of horses are found in the Pleisto- 
cene formations. The best known is 
Hippidium, distinguished by a peculiar 
construction of the nasal bones, certain 
quite marked differences in the pattern and 
form of the teeth, and considerably 
shorter legs and feet. A complete skele- 
ton of this curious horse is in the Museo 
Nacional of Buenos Aires, casts of it in 
the American Museum and elsewhere. 
The purpose of the long slender nasal 
bones has been variously interpreted; 
some have thought the animal had a 
proboscis, others that it had large glands 
on the face in front of the eyes. More 
probably it means an extensive soft area 
behind the nostrils that might perhaps 
be inflated like the face of the Saiga 
antelope, and was related to some 
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Hud of specialization of the nasal air- 
sinuses. 

THE TERTIARY ANCESTORS OE THE HORSE 

Tlie record of the ancestry of the horse 
is obtained from the Tertiary formations 
of various western states. It may be 
advisable to say a word as to the succes- 
sion of these formations. They cover 
wide areas in the western plains from Can- 
ada to Texas and in the broad inter- 
montane basins further westward, the 
strata nearly always lying horizontal and 


horse; also corresponding stages leading 
to the rhinoceros, tapir, camel, deer, 
dog, cat, and many less familiar animals. ^ 
Among these ancestral series, none is so 
extensive or so well documented as the 
Ancestry of the Horse, and little has been 
published in regard to the ancestral 
series of various other animals, which 
are, for various reasons, less satisfactory 
for elementary teaching, although equally 
conclusive to the special student. 

The principal stages in the Equidas 
evolution are as shown below: 


Pleistocene 

Pliocene 

Lower Pliocene or Upper Miocene 


Middle Miocene 
Lower Miocene 
Upper Oligoccne 1 

Middle and Lower OligoceneJ 


Glacial and Interglacial 
Blanco 

Nebraska (Ogalalla) 

Deep River \ 4 •, 

„ , ,>Arikaree 

Hamson-Roscbudj 

f Protoceras beds 
White Riverl Oreodon beds 1 
[TitanotheriumJ 


10 E^uus 
9 Eksippus 
8 Pliahippus 
7 Merychippus 
6 Parahippus 
5 Miohippus 

4 Mesohippus 


Upper Eocene 
Middle Eocene 
Lower Eocene 


Uinta 

Bridger 

Wasatch 


Washakie 
Wind River 


3 Epihippus 
z Orohippus 
I Eohippus 


exposed principally in the badlands and 
escarpments at the sides of the river val- 
leys that traverse these plains and basin 
regions. Each formation contains its 
own definite and characteristic fossil 
mammalian fauna, and the sequence of 
these faunas is determined beyond cavil 
by their superposition or overlapping. 
The entire sequence of faunas has not been 
found superposed in any one locality; but 
by correlating the various incomplete 
series found in different localities the 
entire series is determined. The details 
of this correlation are fully set forth in 
Osborn’s Cenozoic Correlation, U. S. G. S. 
Bull. 361, and in his forthcoming Mono- 
graph of the Titanotheriidae, the latter 
including results of later researches. 

In this succession of geological forma- 
tions arc found the remains of a succession 
of ancestral stages leading up to the modern 


Between these principal stages, defined 
by progressive steps in equine evolution 
which have generally been admitted by 
palaeontologists as of generic value, might 
easily be intercalated a series of inter- 
mediates, not so well defined or sharply 
separated. The species of E<iuus from the 
older Pleistocene, are clearly more primi- 
tive in construction of skull and tooth 
pattern than those of the biter Pleistocene 
and the existing species. The PlloMfpus 
from the Lower Pliocene are distinctly 
nearer to the following stage, Plesippus; 
those from the transitional and uppermost 
Miocene strata are nearer to MerycMppaf, 
and in fact grade into that genus. In 
the Merychippus stage three sub-stages may 
be similarly distinguished, in Parahippus 
two, in Miohippus and Mesohippus two 
each (though not well separated on the 
present evidence). In Orohippus two 
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Parahippus 
Lower Miocene 




Mesohippus hairdiz 
Middle Oligocene 



Equus caballus 
Recent 



Equus complicatus 
Pleistocene 



Mesohippus montanensis 
Lower Oligocenc 



Equus stenonsis 
Lower Pleistocene 


® Epibippus 

Upper Eocene 



Orohippus 
Middle Eocene 



Eohfppus 
Lower Eocene 



Pliobippus 
Upper Miocene 



Fio. 7 


Fig. 8 


Fig. 7. Uppee Molars of Ancestors of the Horse, Lower Eocene to Lower Miocene. Short-crowned 
Teeth without Cement. All Natural Size 

Fig. 8. Upper Molars of Ancestors of the Horse, Middle Miocene to Recent. Progressively Long- 
Crowned Teeth with Cement Investment. All Natural Size 
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stages have h^cti fairly well distinguished. 
All of the above stages are based on the 
geological and faunal succession, that 
is to say, they occur not contempora- 
neously but in successive geological for- 
mations or strata, and associated with 
correspondingly different faunas. It 
should be added that in each contempo- 
rary fauna there are several species, some 
more and some less progressive in certain 
respects or in the sum of their characters; 
these are not of course regarded as an- 
cestral stages, but as showing the range 
of variation in the species living at any 
one time. From this preliminary sum- 
mary we may turn to a more detailed 
examination of the facts of our record. 



Fig. 9. Eohippus resartus. Upper and Lower 
Teeth, Natural Si2e. Lower Eocene, Big- 
horn Basin, Wyoming. After Osborn 


Stage I. Eohippus. Lower Eocene. 
This is the classic Four-Toed Horse. 
The fore foot has four well developed, 
usable digits, but curiously enough no 
trace of the inner digit, or thumb. The 
hind foot has three well developed digits 
of subequal size, and small vestigial re- 
mains of the first and fifth digits, hardly 
more than little nodules of bone. The 
molars are quite short-crowned, with 
six main cusps partly converted into three 
crests, an outer crest, an anterior and a 
posterior inner cross crest, the three 
crests arranged in a characteristic pattern 
that suggests the Greek letter tt. This 
pattern is the fundamental pattern of the 
primitive Perissodactyls. (It is still 


been altered out of all recognition in the 
modern tapirs and horses. Each phylum ' 
in the order has developed its own peculiar- 
t}q)e of modification.) 

The premolars are smaller than the 
molars, and of simpler pattern. The 
first two are simple-crested cutting teeth, 
the third and fourth have a large inner 
cusp, and the fourth has the main outer 
cusp twinned. In addition these two 



Fig. 10. Eohippus venticolus. Fore and Hind 
Feet, Two-thirds Naturas Size. Wind 
River Basin, Wyoming. From the Type 
Skeleton, Redrawn after Cope 

premolars have rudimentary crests and 
cusplets which in later stages develop into 
a molar pattern, so that these teeth in 
Eohippus are on the way to become 
molariform. 

The limbs of Eohippus are also very 
primitive. In the fore limb, the radius 
and ulna are separate and complete, the 
shaft of the ulna moderately slender; in 
the hind limb the tibia and fibula are 
separate and complete, but the shaft of 
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EoMfpus thus has the normal limb and 
foot bones of mammals, except for the 
complete loss of the pollex or thumb, 
and the almost complete loss of the hallux 
or great toe and of the outermost digit in 
the hind foot. The tarsal bones, cs- 
pecially the astragalus, are characteristi- 
cally Perissodactyl in their form and com- 
position, and, while the ulna and fibula 
are separate and complete, their articula- 
tions are so changed that they permit of 
only very slight rotation of the foot. 
The modern tapir tarsus still retains the 
primitive construction of EoMppus little 
changed; in the rhinoceros it is broadened 
out, in the horse compacted and shortened, 
EoMppus is commonly credited in text- 
books with a splint of the pollex, as 
shown in Marsh’s drawing of 1876, was 
republished by Lull in 1907, and copied 
in various text-books. This is an error. 
Marsh had only a few fragments of the 
foot bones, from which he reconstructed 
the fore and hind feet; unfortunately he 
mis-identified some of the fragments, and 
supposed in consequence that there was a 
facet for a vestigial pollex, which he 
restored as a splint. The complete skele- 
ton in the Cope Collection (described by 
Cope in 1885 Hyracothermn)^ and a 
number of skeletons more or less com- 
plete found since that time, show that no 
trace of this vestigial pollex is present 
in any known species of EoMppus, Fur- 
thermore, in such animals as have a 
vestigial pollex, it never forms in the 
course of its reduction a slender, closely 
appressed splint such as is represented in 
Marsh’s drawing. In all primitive mam- 
mals the pollex is sharply offset from the 
outer digits, affixed to the trapezium by 
a ball-and-socket joint, and moved by a 
special set of flexors and extensors, so as 
to be semi-opposable in the ordinary mean- 
ing of the term. This construction is 
something quite distinct from the merely 


divergent digits of many reptiles, and 
has an important bearing on the primary 
habitat of mammals. 

Mr. J. W. Gidley, in a recent article, 
has confused the two, and has objected 
to the term semi-opposable, which how- 
ever I still think entirely accurate as ap- 
plied to the condition common to ail 
Paleocene mammals, and one of numerous 
indications of a primary arboreal adapta- 
tion. The evidence to this effect will be 
published later in a memoir on the 
Paleocene mammalian faunas of New 
Mexico. 

Thirteen species of EoMppus have been 
described, varying in size from that of a 
cat to a fox-terrier. Most of the material 
is fragmentary, jaws, parts of jaws and 
teeth, but three fairly complete skeletons 
are in the American Museum, one in the 
Amherst Museum. Many thousands of 
jaws and jaw-fragments have been ob- 
tained in the Lower Eocene of Wyoming 
and New Mexico, a few from Utah. The 
Lower Eocene of England, Belgium and 
France has also yielded a few specimens, 
the best a fairly good skull, described 
under the name of Hyracothsrium, a name 
older than the more appropriate EoMppus^ 
and hardly separable from it. 

It is quite possible that certain species 
of EoMppus, when more intensively 
studied, will appear to be more directly 
in the line of ancestry of the horse, others 
of the tapir or rhinoceros or of some of 
the extinct phyla of Perissodactyls. A 
closely related genus, Homogalax Q'Sys- 
tmodon*'), has been regarded as ancestral 
to the tapirs. This appears improbable in 
view of recent studies and of new evi- 
dence from the Mongolian Eocene; its 
relationships are rather with the Lophio- 
donts. In any event it is very close to 
EoMppus, and the feet are not distinguish- 
able except by size, and absence of the 
vestigial first and fifth digits on the pes. 
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The American specimens of EoMppus 
come from various levels in the Lower 
Eocene strata, and one might expect to 
hnd progressive modification shown in 
the teeth from lower to upper levels, as 
is shown in a number of other contempo- 
rary mammalian phyla. Careful study, 
however, has failed to detect such evolu- 
tionary change, which would serve as a 
guide to the probable character of the next 
older stage in equine ancestry. Eohippus 
appears quite suddenly, in great numbers, 
at a particular level in the Wasatch forma- 
tion, and was evidently an invading type, 
for nothing in the fauna of the underlying 
strata can be regarded as ancestral. 

There is little doubt, however, that the 
ancestor of Eohippus is to be sought 


Museum, a finely preserved skull and fore 
foot in the Yale Museum, but otherwise 
it is known only from jaws and fragments. 
These represent a number of species, some 
nearer to Eohippus^ some more advanced 
in tooth characters, but with about the 
same range in size. The fore foot differs 
from Eohippus in slightly larger size of the 
central digit, the hind foot in the dis- 
appearance of the vestigial first and fifth 
digits, while in the teeth the molar crests 
are somewhat more pronounced and the 
third and fourth premolars have become 
more like the molars in pattern and size. 
The more primitive species of Orohippus 
are found only in the lower part of the 
Bridget formation, the more advanced 
species in the upper part, so that here we 



Fig. 11. Miohippus quamus. Upper Teeth, Natural Size. John Day Basin, Oregon. After Osborn 


amongst the Condylar thra, primitive five- 
toed ungulates of which Phenacodus, a 
contemporary of Eohippus, is the best 
known form. Probably the earlier stages 
in the evolution of the horse will be found, 
if at all, in the Paleocene and late Cre- 
taceous Condylarths of some intermediate 
northern region whence came the Ameri- 
can Eohippus and European Hyracotherium, 
Central or northern Asia is the region 
indicated, but thus far no such animals 
have been found. The negative evidence 
from a few preliminary explorations has, 
however, no great weight, save to indicate 
that northern rather than Central Asia 
was the center of origin of the family, 

X. Orohippus, the second stage in the 
evolution of the horse, is found in the 
Middle Eocene Bridget formation. One 
nearly complete skeleton is in the American 


do have a progressive evolution in the 
species. 

3. Epihippus, the third stage in equine 
evolution, is imperfectly known. No 
complete skulls or skeletons have yet 
been found, but a large number of upper 
and lower jaws and various fragmentary 
skeletons with the fore and hind feet 
preserved in some of them. It carries on 
the line a step further in the somewhat 
higher-crowned and more sharply crested 
molars, the two posterior premolars are 
almost exactly like the molars in pattern, 
the central digit in both fore and hind 
foot is relatively larger, the fifth toe of 
the fore foot is smaller and more slender, 
although still a complete and usable toe. 
Its remains have been found in the Upper 
Eocene Uinta formation of Utah. The 
specimens are principally in the American 
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Museum, Yale, Princeton and Carnegie 
Museums. 

. 4. Mesohifpus, the fourth stage, is found 
in the Lower and Middle Oligocene forma- 
tions of the western plains region from 
Saskatchewan to Colorado. Numerous 
skulls and many complete skeletons are 
known, and many thousands of jaws, feet 
and other fragments. There are various 
species, all much alike, and about the 



Fig. IX. Miohippus intermedius. Fore Foot, One- 
third Natural Size. Upper Oligocene, South 
Dakota. From the Type Skeleton, after 
Osborn and Wortman 

size of a prairie wolf. It is a considerable 
step forward from EpiMppus, and not 
quite in the line of trend indicated by the 
three Eocene stages. Three of the pre- 
molars are molariform, so completely so 
that they are not easily distinguished from 
the molars, and are slightly larger. The 

first premolar (p^) remains small and 

simple, tending rather to disappearance. 
The fore and hind feet are three-toed, the 


side toes much smaller than the central 
one, although they are complete and reach 
the ground in an ordinary step. Of the 
outer digit in the fore foot, complete in 
Epihippus, only a very short, small 
splint remains, hardly more than a nodule 
of bone. The shaft of the ulna, although 
still complete, is reduced to a thin, slender. 


jin 

Fig. 13. Miohippus intermedius. Hind Foot, One 
THIRD Natural Size. Upper Oligocene, South 
Dakota. From the Type Skeleton, after 
Osborn and Wortman 

The drawing is incorrect in failing to show the 
cuboid facet on metatarsal III, quite distinct on the 
original. 

flattened rod, lying close to the back of 
the radius, although not co-ossified with 
it. The distal end of the bone is very apt 
to be co-ossified. The shaft of the fibula 
is still further reduced to a long delicate 
sliver of bone, the lower part lying against 
the tibia and partly co-ossified with it. 
There is a considerable gap between 
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Epihifps and Mesohipps, which may be 
partly filled when we know more speci- 
mens and species of Epihippus, and have 
a better idea of its range and characters. 
The Lower Oligocene species of Meso- 
hippus are also incompletely known, al- 
though they appear to be very close to the 
well known species of the Middle Oligo- 
cene, Even allowing for this imperfect 
acquaintance with the adjacent species of 
the two stages, it is a wider break than 
one would expect from the relations of the 
Uinta and Chadron formations in which 
they respectively occur. I believe that 
Mesohippus is not directly descended from 
EpihippuSy but from an unknown related 
genus, more progressive, and inhabiting 


metatarsal supports only the ecto-cunei- 
form bone of the tarsus; the cuboid and the 
inner cuneiform are wholly supported Qn 
the lateral digits as in all the earlier types. 
In Miohippus the cuboid has gained a 
footing on the central metatarsal, as in 
all the later horses. This is a mechanical 
advantage in the reduction of the lateral 
digits, giving the tarsus a more solid stip- 
port on the central digit, that keeps it 
from “rocking.” We shall see that at a 
later stage the inner cuneiform also ac- 
quires a footing on the central metatarsal 
or cannon bone- (Marsh’s drawings of 
the hind feet of Mesohippus and Miohippus 
do not correctly represent the normal 
tarso-metatarsal relations). 



Fig. 14- P a-r ahip ptts PAwNiBNsis. Upper Teeth, Natural Size. Lower Miocene, South Dakota 


perhaps a more northerly part of North 
America. 

5. Miohippus, the next stage, is Upper 
Oligocene, and very closely related to 
Mesohippus, so that it is doubtful whether 
the two genera should be kept separate. 
Except that the species average larger in 
size, it can hardly be said to be more 
progressive. Marsh’s classic diagram of 
1891, which was republished by Lull in 
1907, and copied in various text-books, 
represents the splint of the fifth digit as 
more reduced than in Mesohippus, but this 
docs not seem to be the case. There is, 
however, one progressive step, not noticed 
by Marsh, and not invariable or constant, 
that generally distinguishes Miohippus, 
In the hind foot of Mesohippus the central 


The side toes in Mesohippus and Miohip- 
pus are much reduced, but they still reach 
the ground and help to support the limb. 
This is partly because of the unusual short- 
ness of the phalanges, or toes proper. 
This proportion is rapidly and progres- 
sively changed in the next stage in the 
direct line, but is continued for some time 
in the Hypohippus side branch. 

6 . Parahippus, the sixth stage, is found 
principally in the Lower Miocene forma- 
tions over a much wider area, from Mon- 
tana to Texas, and many skulls and in- 
complete skeletons are known. The 
various species cover a very considerable 
range in size and advance in structure, 
some not easily distinguished from Mio- 
hippus, while others arc hardlv senarablc 
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from Merychiffus of the Middle Miocene. 
The older species geologically are more 
primitive, and the later species more 
progressive in general, but there is no 
uniform progress among them, some being 
more advanced in size, some in structure 



ParaKippus pristinus 


Fig. 15. Foiib and Hind Feet oe Parahippus, 
South Dakota. 

*of the teeth, some in structure of the feet. 
They suggest a group of related species of 
high individual variability with perhaps 
a good deal of hybridizing among differ- 
ent races. The result, however caused, is 
a rapid advance of the race during the 
Lower Miocene. 


The tooth pattern changes by the pro- 
gressive conversion of the two transverse 
crests into a pair of crescents at first 
oblique, tending to become antero-poste- 
rior in direction, while the inner pillars of 
the crests, especially the anterior one, be- 



Parakippus pav/niensis afavus 


Two-fifths Natural Size. Lower Miocene, 

After Osborn 

come more or less separated. This change 
is continued and completed in the various 
species of Merychifpus. At the same time 
the valleys between the crests begin to 
fill up with a new structure the cement, 
formed primarily as a deposit of “tartar” 
on the crown and during the period that 
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the tooth is emerging from the jaw. 
The cement in FaraJn^-pus is usually a 
rather thin coating, sometimes more con- 
siderable; in some of the latest and most 
progressive species it completely fills the 
valleys and invests the outside of the 
crown as in Merychipps. 

The feet are equally variable. The 
side toes are sometimes almost as large 
as in Miohippus, the phalanges almost or 
quite as short. Other species have the 
lateral digits much reduced, so that the 
shafts of their metapodials are no larger 
than a match. The vestigial fifth digit 
varies from a very short small splint to a 
tiny nodule of bone. The shaft of the 
ulna is reduced to a slender flattened rod 
plastered against the back of the radius, 
but still separate from it. 


The permanent teeth are heavily coated 
with cement, which fills the valleys and 
invests the outside, so that in w^ear the 
enamel is everywhere supported on one 
side by cement, on the other by dentine, 
and as in modern horses makes a ridge on 
the grinding surface that is continually 
renewed. The cement is deposited at a 
later stage in the growth of the tee^h 
than in the modern horses. It begins to 
be deposited as the tooth comes close to 
the bony surface of the jaw, and is com- 
pleted as it cuts the gums. The milk 
teeth have very little cement on them, 
also late deposited. 

The feet have always a long, relatively 
cylindrical cannon bone, longer phalanges, 
and more convex hoofs in comparison 
with Miohippifs, approaching the smaller 



Fig. 16. Mbrychippus panibnsis. Upper Teeth, Two-thirds Natural Size. Middle Miocene, Western 

Nebraska 


^7. Merychippas, the seventh stage, appears 
in|the Middle Miocene, and is very com- 
mon in the later Miocene formations. It 
is especially distinguished by the rapid 
elongation of the cheek teeth. In the 
earliest species the upper molars are about 
as high as they are wide; in the latest and 
most progressive species they are from 
two to two and a half times as high. The 
milk teeth are short-crowned, as one 
would expect of milk teeth, but are dis- 
proportionately so, and their pattern is 
decidedly archaic, very like that of Para- 
hippus. The permanent molars and pre- 
molars have the pattern converted into a 
pair of outer crescents, a pair of inner 
crescents and a pair of inner pillars, the 
anterior one more or less separated in 
different species. 


modern species of horses (ass, kiang, etc.) 
in proportions. The side toes, however, 
are always complete, although slender 
and shortened up so that they do not 
reach the ground in an ordinary step, but 
are like the "dew claws” of various 
modern animals. 

The shaft of the ulna is always co- 
ossified with the back of the radius in 
adult Merychippus^ separate in the colts. 

Twenty-five species of Merychippus have 
been described, many of them probably, 
invalid or sub-species, but the genus is 
very wide-spread and abundant, and 
covers a considerable range of variation. 
It is found from Florida, Texas and 
California to Montana and Oregon. 

In many species of Merychippus there is 
a marked hollow or fossa upon the side 
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of the face in front of the orbit. It is 
'sometimes broad and shallow, sometimes 
-deep and more or less restricted into a 
deep pocket, and frequently divided more 
or less clearly into two pockets, the 


authorities have thought that they were 
analogous to the lachrymal fossae on the 
face of ruminants, lodging a scent-gland; 
others have seen analogies to the pockets 
that lodge the proboscis muscles of the 




Fig. 17. Merychippus eohipparion. Fore and Hind Feet, One-third Natural Size, Middle 
Miocene, Colorado. After Osborn 

lachrymal and malar fossae. One or tapir. It seems more probable however 
both of these fossae are retained in many that they lodged an enlarged diverticu- 
species of the later horses, but they have lum or extension of the small blind sac 
completely disappeared in E^ms. Their that opens just within the nostrils of the 
significance has been disputed; some modern horse; but the functions of such 
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an organ have not been made clear. The which disappeared as the space was 
writer regards the appearance of these required for more important uses. The 
fossae as primarily conditioned by certain very variable occurrence of the fossag 
mechanical needs in bracing a progres- in the different species is difficult to 
sively enlarging skull j and that the spaces reconcile with their serving any very 
later required for the elongated teeth essential functional purpose. (See Grc- 
and extension of the internal nareal St)ry, i^io Bull, Am. hlus. Nat. Hist., 
bones, might well be occupied in the vol. xlii, pp. z65-x84; Boule, igio' 
meantime by diverticula of unknown Mam. Foss, de Tarija, pp. lo&^iso; 
but perhaps not very essential function, Studer, 1910, Lydekker, 1893.) 

Gubgieal iistrihtm of Uttt Urtuffj quida ia Burep and North Amirica 


EPOCHS AND STAGES 


AllERICAN FORMATIONS AND 
GENERIC ZOMES 


OCCURRENCE OF EQUID GENERA 


Plaisancian Blanco 


Hipfarton. 

Specialized 

aberrant 


Pksippus 

Hipparion. Specialized aberrant species 


Pontian 

Republican 

species PUohippus | 

Protohippus\ more advanced species 
Hipparion J 


Valentine 

PUohippus ] species close to 

Frotohtppusr 

HipprL] 

Sartnatiac 

Santa F6 

Msrychippus. Advanced species pas- 
sing into the three later genera. 

Tortonian 

Pawnee Cr’k. 

Mcrychippus, Most larger species, fore- 
casting the three later gencra. 

Helvetian 

Mascall 

L’r. Sheep Cr’k. 

Anchitherium Merychippus. Small, primitive, wide 

individual variation, which fore- 
casts the species of the following 
stage 


Upper Harrison 
Upper Rosebud 

Farakippus, Widely varying distinct 
species, mostly progressive in one 
or more features, some approaching 
Merychippus 

Burdigalian 

L’r. Harrison 

Farahippus. Larger and smaller spe- 
cies, rather primitive 


Lower Rosebud 
Monroe Cr’k. 

Farahippus, Small primitive species. 
Miohipptis. Mostly large and spe- 


No Equida 


cialized species 

Miohippus, Larger and smaller species 


Aquitanian John Day 
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The geologic occurrence of MerycHppus 
is in the middle and upper Miocene 
“Merjchippus Stage.” The first appear- 
ance is in the Lower Sheep Creek Beds 
(Zone) and equivalents, with small primi- 
tive species; in the next following Pawnee 
Creek Beds are larger and more progressive 
species, and in the Santa Fe beds species 
hardly separable from the following 
genera Proubippus, Pliohippus and Hip- 
pamn\ and mingled with others that 
must be referred to these genera. A few 
species of Merychippus linger in the Re- 
publican beds, then they disappear. 

8. Pliohippus, the eighth stage_is a direct 
outcome of one of the species groups of 


less than the size of the ass to equal to 
a small domestic horse. The fossae, or 
pockets on the sides of the face in front 
of the orbits, are deep and extensive in 
all the older known species, shallow in 
some later species. 

The proportions of the feet are more 
robust and heavier than in Merychippus, 
averaging about as in the modern Kiang; 
the larger and more progressive species 
have stouter limb and cannon bones. 
The inner cuneiform has shifted over to 
acquire a footing on the cannon bone, a 
progressive character earlier acquired by 
the Hypohippus side branch, but appearing 
here for the first time in the direct line. 



Fig. i8. Pliohippus leidi;anus. Upper and Lower Teeth, Tw'o-thirds Natural Size. From the 
Skeleton, Uppermost Miocene, Nebraska. After Osborn 


Merychippus (M. campesms and allies), 
and is at first difficultly separable from 
Merychippus. The teeth become progres- 
sively longer, but retain the transverse 
width, simple lines of enamel surrounding 
the “lake borders,” strong inward curva- 
ture and close union of inner pillars with 
inner crescents . The genus is more readily 
distinguished by its milk teeth, which 
are much higher-crowned (one and a half 
times to twice as high) as in Merychippus, 
a fourth to a third narrower transversely, 
and quite heavily cement-coated, as in 
modern horses. 

The skull is large in proportion to the 
skeleton, different species varying from 


The footing is not so broad and solid as 
in the Pleistocene and modern horses. It 
is not conditioned by the reduction of the 
lateral digits, for it occurs in Hypohippus, 
and in a species of Pliohippus in which 
these are still complete. Nor by robust 
proportions or size, since it occurs in the 
very small and extremely slender species 
of Hipparion from the middle Pliocene of 
Florida and Texas, also in all the Old 
World Hipparions, but not in most of the 
American species of this genus. 

Pliohippus is said to be one-toed, and 
without question the lateral phalanges 
were greatly reduced or totally absent in 
some species. No adult specimens, how- 
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ever show any of the lateral mctapodials 
complete down to the expanded knob or 
plate which represents the distal end of 
the complete bone, and, in a juveni e 
skeleton described by Troxell as mono- 
dactyl, the form of the tip is certainly 
not ihat of a completely calcified end, so 
that it is doubtful whether bony pha- 


dition as the teeth in Parahippus; some 
species had side toes and others did not, 
but there was a general reduction of the 
laterals and advance of the foot bones in 
all details in the direction of Equus. 

9. Plesippus, the ninth stage, is known 
from the later Pliocene of Texas and 
California, but until 1914 so imperfectly 



Fig. 19- Plesippus simplicidens. 


Upper Teeth, One-half Natural Size. From a Skeleton, Middle 
Pliocene, Texas 



Fig. 10. Plesippus Skull from Middle Pliocene of Texas, Compared with Modern 
Equus Skull. One half Natural Size 


langes would not have calcified before the 
animal became adult. On the other hand, 
in at least one species of PUohippus from 
Texas, perfectly typical as respects its 
skull and teeth, the lateral digits have a 
complete set of phalanges, proportioned 
as in an average Merychippus. On the 
whole it seems probable that the toes in 
PUohippus were in the same unstable con- 


(a few teeth only) that it could not be 
characterized and distinguished as a sepa- 
rate generic stage. In 1914 Mr. George 
Simpson and I found two skeletons at 
Mount Blanco, Texas, that between them 
give almost every detail of the anatomy. 
The animal compares in size and most 
proportions with the Arab horse, but 
the hoofs are much smaller, the back 
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shorter and the barrel less rounded and however in a thin flattened and expanded 
convex. sliver instead of the little knob of Eqms. 

The teeth are like those of Plhbippus They are slightly longer. The vestigial 
in pattern, but with longer crowns, much fifth metacarpal is retained on the outer 
less curved (as in Equus); the pattern in side of the fore foot, and the trapezium 
various details makes some approach to on the inner side, as tiny nodules of bone, 



Fig. II. Plesippus Fore and Hind Feet (Photo), from Skeleton. Middle Pliocene, 

Texas. Showing Vestiges of Fifth Digit and Trapezium 

Equusj but on the whole the tooth char- relatively smaller than in Merychippus and 
acters come nearer to PUohippus. Pliohippus. In Equus these bones are 

The feet on the other hand are very occasionally calcified, but not normally 
much like those of Eqms in proportions present. 

and general appearance. The lateral The fibula is reduced to a splint which 
digits are reduced to splints, which end in Plesippus is distinctly shorter than in 
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any species of E^ms, Probably this is a 
variable non-adaptive character in the 
later Equid^; it is as far advanced in 
as in E^uu^^ further advanced 
in Plesippus and in some species at least 
of Hipparion. 

The skull of Plesippus is remarkably 
E^^^j-'like in size and proportions. It 
has acquired the long straight lines of 
the face, as opposed to the shorter propor- 
tions and more convex outlines of the 
head in the older Equines. It has almost 
completely lost the deep facial pockets of 
Pliohippus; only slight shallow hollows 
remain. 

10. Equus. Pleistocene to Recent. The 
earliest certain recorded appearance of 
Equus proper is at the base of the Pleisto- 
cene in America and Europe. Equus steno- 


The few that are known from skulls and 
skeletons are distinct species, but not 
widely different from E. caballus. 

Equus is a cosmopolitan genus, and has 
been found fossil in all parts of South 
America, in North America (except within 
the glaciated area), in practically all 
countries of Europe and Asia, in Africa 
from Algeria to Natal, failing to reach 
Australia and the islands that lie beyond 
the limits of the continental shelf. 

divergent lines of EQUIDaS 

In the preceding pages the direct line of 
succession leading from Eohippus to the 
modern horse has been described. There 
are also a number of side branches, more 
or less closely related. The living zebras 
and asses, although different in color- 



Fig. 11. Equus sp. Upper Teeth, One-haLp Natural Size. Lower Pleistocene, Ned.raska 


nis of the Arno valley in Italy is a rather 
small species, primitive in the tooth con- 
struction, and nearer to Plesippus in this 
and other details than are the later species. 
Still it has the characteristics of Equus 
in the anterior inner pillar of the upper 
molars, flattened, with a narrow much 
constricted commissure connecting it with 
the anterior inner crescent, while the 
posterior inner pillar is reduced and tends 
to merge into the posterior crescent. 
The classic Val d’Arno and Asti fossil 
mammals have been generally called Upper 
Pliocene. According to the more recent 
correlation they are Lower Pleistocene. 
The older Pleistocene formations in North 
America contain remains of various species 
of the genus. Some are apparently as 
primitive as Equus stenonis, others as ad- 
vanced in teeth as the modern horse. 


pattern, size and proportions, are so close 
to the domestic horse in skeleton that it 
is very difficult to distinguish their fossil 
remains. Some of the extinct species of 
Equus are thought to be especially re- 
lated in teeth to the zebra, others are more 
certainly related to the ass; but the three 
types are not clearly distinct among the 
Pleistocene species. 

Hipparion is a classic genus of the 
Pliocene of the Old and New World. It 
is distinguished from Equus by the sepa- 
rate protocone of the upper molars. A 
dozen or more valid species are known, 
three or four from the Pliocene, and upper- 
most Miocene of Europe, Asia and Africa, 
the rest from North America. All in 
which the skeleton is known retain com- 
plete lateral digits. 

The species ran^:e from the size and 
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proportions of an ass down to those of a 
dorcas gazelle, and have a wide range also 
in the construction and proportions of the 
teeth. In some species the enamel of 
the lake borders is thrown into much 
more complex folds than in the horse, in 
others it is simpler. In some the proto- 
cone is round oval as in Merychippus, in 
others (subgenus Neohipparion) flattened 
as in E^ms. One group of small Ameri- 
can species (new subgenus Nannippus) 
has the teeth very long-crowned, up to 
a fourth longer than in any living horse; 
oval protocones and extremely slender 
limbs and feet, in which the side toes are 
complete but no trace remains of the fifth 
digit and trapezium. This group is typi- 
fied by Hipparion phkgon of the Bianco 
formation, of which I secured skulls, 


They have in common the separate proto- 
cone and usually, if not always, the reten- 
tion of the lateral digits. (The first is 
essentially a primitive character because 
it is caused by the commissure or connect- 
ing crest between protocone and pro toloph 
remaining low or short, while the rest of 
the crown is elongating. It would seem 
to be a mechanical defect, making it easy 
for the protocone to break away from the 
rest of the tooth, except for the heavy 
coat of cement; but it is not a defect, for 
it did not prevent certain species from 
surpassing the horse in length of the teeth. 
Upgrowth of this commissure would con- 
vert the tooth in certain species into an 
Equus tooth, loss of the lateral digits 
into an Equus foot.) 

The various American species grade 



Fig. 13 . Hippaiuon whitneyi. Upper Teeth, Two-thirds Natural Size. From a Skeleton, 
Upper Miocene, South Dakota 


feet etc. in 1914. Contrast it with the 
contemporary Flesippus, with stout limb 
and foot bones, the side toes reduced to 
splints but the trapezium and fifth digit 
still retained. Another group, mostly 
Old World species, t3rpified by the well 
known Hipparion graeik of Pikermi and 
Samos, is comparatively large and robust 
with relatively stout limbs and feet and 
the side toes larger than they are in 
Merychippus. Most of the species have the 
lachrymal fossa in the side of the face 
deep and well defined, but in some it 
has disappeared almost completely. 

The various species of Hipparion seem 
to have been trying out a variety of com- 
binations of progressive features, carrying 
some of them further than Equus has done. 


back into Merychippus, from which 
parion is clearly derived. In the Old 
World it appears as an invading type at 
the end of the Miocene (Pontian fauna), 
Hippidium, a small group of South Ameri- 
can horses, has exceptionally short legs, 
a curiously constructed nasal region in 
the skull, and teeth much like those of 
Fliohippus, They are of about the same 
bulk as the true horse. The free portion 
of the nasal bones is very long and slender, 
the notch between them and the maxil- 
lary bones extending far backward. This 
indicates I believe, not a proboscis as 
supposed by some writers, but a soft 
flexible structure behind the nostrils, pre- 
vented from collapsing by the slender 
nasal bone. Possibly it was analogous 
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to the curious face of the Saiga antelope, 
but its purpose and exact character are 
unknown. These animals, evidently de- 
scended from FUohifpus of the North 
American Pliocene, are known only in 
South America in the Pleistocene. The 
short legs were perhaps an adaptation 
to mountain habitat. Another South 
American Pleistocene genus, OnoMppidium, 
has deep fossae or pockets in the side of the 
face in front of the orbits, as in many 
species of MerycMppus, Pliohippus and 
Hipparion. It is otherwise much like 
Hippidium and probably of similar habits. 
Hypsrhippidium or Parahipparion is even 
shorter legged and otherwise similar. 

Anchithmum and Hjpohippus, An older 
side branch is represented by a series of 


apparently to forest life judging from its 
associations. These animals were larger 
than the contemporary stages of true 
equines, the last of them (H, matthtwi) 
nearly as large as a modern horse. 

This line invaded the Old World at the 
beginning of the Miocene, and is found 
in the Miocene formations of Europe and 
Asia until the end of the Miocene or 
beginning of the Pliocene. The name 
Anchithrium was given by Meyer to the 
European species, described nearly a cen- 
tury ago; and at one time, before the 
American Tertiary equines were known, 
Anchithmum was supposed to be in the 
direct ancestral line of the horse, linking 
it with Palaotherium. 

Archaohippus. Closely related to Para- 



osboral 

Fig. 14. Htpohippus osborni. Upper. Teeth, Two-thirds Natural Site. Middle Miocene 
OP Colorado. Aptbr Osborn 


species that begin in the Upper Oligocene 
with certain species of Miohippus, are 
continued by the Lower Miocene Kaloha- 
tippus and by Hypohippus of the later 
Miocene surviving to Lower Pliocene. 
This series retains the more primitive 
construction of the teeth with oblique 
crests and outer crescents, lengthening out 
crowns a little, and to some extent paral- 
leling the rhinoceros adaptation of grind- 
ing teeth. The side toes also are per- 
sistently primitive, reduced progressively 
but more slowly than in the typical 
equines, and the hoofs are relatively 
large and splayed. Professor Osborn has 
designated this as the Forest Horse, and 
its adaptation is clearly to softer ground 
and more succulent food, although not 


hippus, and like it derived from Miohip- 
pus ^ this line remained small, short- 
crowned, and almost unchanged except for 
elongated face and deep facial fossas. 
It is found in the Miocene. The skeleton 
so far as known is like that of the smal- 
ler species of Parahippus, of which it may 
be considered a subgenus . 

DIVERGENT LINES LEADING TO TAPIR, 
RHINOCEROS AND OTHER TYPES 

In the preceding pages have been re- 
viewed a series of successive stages lead- 
ing up from the little four-toed Eohippus 
to the modern horse. Each stage is 
found in its appropriate position in the 
geologic succession, never below or above 
its Droner level fexcent for one or two 
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unaltered survivals noted in the review and now extinct have also been reviewed, 
indicated in the diagrams). A number of We have now to review various races re- 
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fasMon to a variety of specialized types, 
some living, others extinct, widely diverse 
from horses in appearance, yet with 
certain underlying identities in skeleton 
structure that enable them to be grouped 
under the order Perissodactyla. 

The surviving types are the tapirs and 
the rhinoceroses. The extinct types are 
the Titanotheres, the Chalicotheres, the 
Palasothcrcs, Colodonts, Lophiodonts and 
a variety of minor side branches. Each 
of these types is shown by the fossil 
record to be derived from animals prac- 
tically identical with EoMfpus progres- 
sively divergent into their final or exist- 
ing special form. The ancestral series 
are none of them so extended, complete 
and clearly defined as that of the horse 
nor has so much been done toward secur- 
ing and studying adequate collections. 
Nevertheless they are clear enough in 
their general lines, and where they have 
been studied intensively they show sim- 
ilarly exact series in successive geological 
formations. 

The rhinoceros, tapir and colodont 
lines are not clearly distinguished in the 
Lower Eocene. In the Middle Eocene 
the rhinoceros ancestry is first clearly dis- 
tinguished in Hjracbjyus. This animal, 
about the size of a wolf, has taken on 
the broader lines of construction of the 
cheek teeth of the rhinoceroses, but is 
still short-crowned like all the Lower 
Eocene Pcrissodactyls, and the front 
teeth retain the primitive cropping type 
from which the horses have not changed 
greatly. The feet are like those of 
EoMppus, four toes in front and three 
behind. In the Oligocene the rhinoceroses 
are more various in type and include larger 
animals. The Amynodonts retain four 
toes in the fore foot and convert the canine 
teeth into large tusks. The Hyracodonts 
reduce the toes to three on each foot, and 
like the horses begin to lengthen out the 


foot and reduce the side toes, also length- 
ening the crowns of the cheek teeth, but 
retaining the cropping front teeth. The 
true rhinoceroses convert a pair of inci- 
sors, above and below, into tusks, and the 
other front teeth progressively degenerate 
and disappear; they lose the outer digit of 
the fore foot by progressive stages, but 
instead of lengthening the limb and foot 
they broaden it with increase in size. 
About the end of the Oligocene, Hyraco- 
donts and Amynodonts disappear and the 
true rhinoceroses begin experimenting on 
horns, first a pair of little nubs on the tip 
of the nasal bones, then in the Miocene 
and later Tertiary they try out a single 
nasal horn, a horn just back of the tip 
of the nasal, two horns arranged tandem, 
and a single horn on the frontal bone. 
They split up into a number of rather 
closely related parallel races, most of them 
increasing to more or less gigantic size 
and massive proportions. The African 
rhinoceroses with two horns have specia- 
lized further in the loss of the front teeth, 
and one of them, the White Rhinoceros, 
has high-crowned teeth of a peculiar pat- 
tern. The Woolly Rhinoceros of Siberia, 
although older than this existing species, 
has carried its trend of specialization 
further in a longer and heavier front horn 
and a bony crest between the nostrils 
underneath it which serves to brace it 
solidly. 

The tapir line is rather doubtfully 
identified in the Eocene, but in the Oligo- 
cene and later horizons it is represented 
by a well recognized approximate series, 
mostly of Old World species. Few fossil 
specimens have been found in the New 
World, yet enough to show that they in- 
habited North America. 

Tapirs retain the four toes in the front 
foot and three in the hind foot of the early 
Eocene Perissodactyls, and in many fea- 
tures of skeleton and teeth arc very primi- 
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tive. The cropping incisors are retained, 
^and the cheek teeth are still short- 
crowned, but the premolars are com- 
pletely molariform, and the pattern of 
the molars altered to transverse chopping 
crests, the ectoloph almost disappeared. 
The progressive molarization of the pre- 
molars can be traced in the tapir stages 
from Oligocene to Pleistocene just as it 
can in the Eocene horse stages. One 
remarkable character is the evolution of a 
proboscis, also partly traceable in the 
Oligocene-Recent series. 

The Titanotheres are an early extinct 
family of the Perissodactyls which special- 
ized in giant size, retaining the four-three 
toes, developing massive rhinoceros-like 
proportions, a pair of long “horns’* on 
the front of the skull, converting the 
molar pattern into two outer crescents and 
an inner pair of rounded cusps, the front 
teeth degenerating. These are common 
in the American Eocene and Lower 
Oligocene, and their evolution has been 
studied by Osborn from a splendid series 
^of skulls and skeletons. The earliest 
stage, Lamhdotheriumy is closely related to 
the somewhat older EohifpuSy and must 
have been derived from a predecessor 
which would be still nearer, but has not 
yet been discovered. 

(Students of phylogeny whose atten- 
tion has been concentrated upon the 
differences that will enable them to dis- 
tinguish one stock from another in the 
early stages of their differentiation, may 
take exception to the above statement. A 
fair and honest appraisal of the characters 
of Lamhdotherium as compared with Eohip- 
pus on one hand, and Titanotherium on the 
other, fully warrants the statement. I 
regard the over-emphasis of such differ- 
ences, on account of their real or sup- 
posed phyletic importance, as gravely mis- 
leading.) 

Intermediate between Titanotheres and 


horses are the Palasotheres of the Old 
World Eocene, much like the early 
equines in teeth, but robust and massive, 
with a tendency to develop a proboscis. 

Another remarkable series of extinct 
Perissodactyls is the Chalicotheres, which 
in the teeth arc very like Titanotheres, 
the skull and neck take on more the pro- 
portions of a horse, the body those of a 
tapir, while the limbs and feet suggest 
rhinoceroses except that they have large 
claws instead of hoofs on the toes. These 
have a record lasting from the early Oligo- 
cene to the Pleistocene, and a doubtful 
Middle Eocene ancestor of more primitive 
type with only the obscure beginnings of 
the various peculiarities of the race. 

The Colodonts, related to the tapirs, 
and like them with a tendency to de- 
velop a proboscis, but with slender limbs 
and progressive elongation of the foot 
and reduction of the toes in some genera 
to three on each foot, are a group very 
imperfectly known or studied as yet. 
Another extinct group, the Lophiodonts, 
appears to be related on one side to the 
Colodonts, on the other to the Eocene 
rhinoceroses. Both groups are in need of 
further critical research in the light of 
recent discoveries, especially of Mon- 
golian Eocene Perissodactyls. 

In general it would appear that the 
Perissodactyls start in the early Eocene 
with a great number of closely related 
stocks, which specialize progressively in 
the successive Eocene horizons, partly on 
parallel, partly on divergent lines. These 
numerous branches are reduced by ex- 
tinction one after another of most of the 
intermediate and competing lines, while 
the survivors became more and more 
divergent and specially adapted to their 
diverse modes of life. One branch may 
give rise to side specializations paralleling 
other branches, as the Hyracodont rhi- 
noceroses and the Colodont tapirs parallel 
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the early horses, the Anchitheriinc horses 
parallel the rhinoceroses (to some extent). 
Such parallelisms, of which numerous 
cases might be cited, sometimes succeed 
and displace the older specialized adapta- 
tion. In other cases (including the three 
cited) they fail, and become extinct. 
The explanation of such success or failure 
is to be found in the effectiveness of the 
type as an animal mechanism, in its 
physical environment encouraging or for- 
bidding the expansion and survival of the 
adaptive type, and its biotic environment 
providing or excluding competitive types 
in the region. 

It is not possible within the limits of 
this essay to discuss even in outline the 
interpretation of the various specializa- 
tions from the primitive Perissodactyl 
stock; but in the next section I will 
attempt to outline the probable interpreta- 
tion of the evolution of the Equid phylum. 

MEANING OF THE CHANGE IN FEET AND 

TEETH. PROGRESSIVE ADAPTATION TO 
CHANGING ENVIRONMENT 

In attempting to understand the causes 
of the progressive development of the 
Equidas as preserved in the geologic 
record, we must first look to the physical 
changes in the region they inhabited. 
At the beginning of the Eocene the 
Western Plains region was very different 
from what it is today. It had but re- 
cently emerged from the sea, and was still 
much nearer sea level than now. The 
climate was milder and the rainfall much 
greater than now, so far as one can judge 
from the flora; and it was rather a region 
of forest and glade than of broad open 
plains. The environment was that of sub- 
tropical forested regions, and it is in such 
regions that one may find today the 
analogues as well as the nearest relatives 
of the Eocene mammals. Eohipfus may be 
compared with the pudu of Central 


171 

America and the tragulines of the Old 
World. It was probably a forest dweller, 
browsing on leaves and succulent herbage, 
the flexible four-toed foot adapted to the 
irregularities of the woods, to quick shifts 
and dodging behind covert, but not to 
speed over a uniform open surface. 

During the Tertiary period there was a 
progressive rise of the great interior 
plains and cordilleran region, and change 
of climate. The rainfall became less, the 
tropical rain-forests retreated and the open 
glades expanded into broad grassy plains. 
Some of the animals, like the tapirs, 
retreated with the forests. Others, like 
the horses, adapted themselves to the new 
conditions. In great part the Evolution 
of the Horse is the record of this progres- 
sive adaptation. 

The drier, harder grasses of the plains 
demanded more thorough triturition in 
order to make their food-values available. 
The change in the teeth is chiefly directed 
to the development of an efficient grinding 
apparatus for this purpose. This is se- 
cured, first by conversion of the premolars 
into molariform teeth, thus doubling the 
grinding surface, second through con- 
version of low, more or less rounded cusps 
into sharp crests and crescents, thus provid- 
ing parallel shearing edges of enamel in the 
worn teeth as the lower jar sweeps across 
the surface of the upper in grinding the fo od. 
Next comes the elongation or heightening 
of the crowns of the teeth to prolong the 
life of this grinding apparatus. But with 
the elongation of this complex pattern 
of dentition it develops a weakness in the 
lack of support for the enamel, and a 
tendency to flake off, block the valleys 
and interfere with efficient grinding. 
This is obviated in Equidae by develop- 
ment of cement, a softer materitl analo- 
gous to the dentine that is exposed inside 
the enamel, but deposited on the outside 
before the tooth cuts the gum. In the 
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modem horse the cement is deposited from 
■fluids secreted by special glands (pi^oba- 
bly evolved during the later Tertiary 
from the salivary glands?). The develop- 
ment of cement, initiated in Parahippus, 
made possible a progressive elongation of 
the crown into a square prism which 
is pushed up from beneath as it wears off 
on the grinding surface, and might 
become in the further course of evolution 
rootless and continuous in its growth until 
the animal dies. This has occurred with 
various rodents; in the horse, however, 
the root of the tooth forms, and its 
growth ceases at about six years, after 
which it pushes upward in the jaw until 
it is completely worn down, when the 
animal can no longer chew his food and 
dies of malnutrition. 

The change in limbs and feet is no 
less striking, and is equally explained as 
an adaptation to the progressively dry 
climate and open plains environment. 
Speed, especially long-distance speed, be- 
comes essential to a defenseless herbivore 
living in open country. The plains sur- 
face is smooth and hard, and there is no 
need for flexible adaptable joints, or for 
side toes to adjust the step to an irregular 
surface. A long limb will cover more 
ground at each step, but if the proportions 
remain the same the step will be slower, 
as the normal swing of an animal’s step 
is essentially a pendulum-swing. If the 
centre of gravity is shifted towards the 
upper part of the limb by lengthening its 
lower segments while shifting the muscles 
more into the upper part of the leg and 
moving the lower segments by long ten- 
dons, the length of step will be increased 
without decreasing the speed of its swing. 
Moreover, the reduction of the lateral 
digits and concentrating the step on a 
central digit will add to the speed by sub- 
stituting a clean, quick drive from a 
tight-jointed, rigid hoof, for the soft. 


yielding push of the five-toed foot. 
These changes put a heavier strain on 
joints and ligaments, and these must be 
strengthened, the movements of the seg- 
ments concentrated on the lines of locomo- 
tion at the expense of flexibility, by ex- 
tending the fore-and-aft movements but 
limiting the lateral movements. Hence 
the deepening of the pulley of the astra- 
galus, the shifting of wrist and ankle 
bones so that the inner and outer ones 
acquire a footing on the cannon bone, 
development of a keel at the end of the 
cannon bone, and a whole series of minor 
changes that can easily be seen to serve 
the same general purpose. 

At the same time the tibia and fibula of 
the hind leg, the ulna and radius of the 
fore leg, originally two separate bones 
permitting considerable torsion at this 
joint, become more closely united, con- 
solidate, and the shafts of the ulna and 
fibula become vestigial, the torsion of the 
joint wholly lost. 

These limb changes involve changes in 
the proportions of the body and head. 
The neck and head must be lengthened 
out in order to enable the animal to graze. 
The barrel becomes shorter, deeper, less 
flexible, conformant with the limitation 
of the limb and foot movements, and 
again acquiring strength and speed at 
expense of flexibility. 

A second series of changes in proportions 
and structure is related to increase in size. 
The advantage of increased size to an 
animal in competing with rivals or keep- 
ing off enemies is obvious enough, and up 
to a certain limit it results in increased 
speed. The disadvantage is based upon 
the well known engineering fact that the 
relative strength of a structure decreases 
with its size, as the strength is propor- 
tioned to the cross-section, but the weight 
to the mass. This is also true of the 
muscles; their strength is proportioned to 
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their cross-section, their weight to their 
bulk. Hence, with increase in size the 
bulk of the animal increases as the cube of 
the linear dimensions, while the strength 
of the bones and muscles increases as the 
square of the linear dimensions. This 
must be offset by relative increase in the 
robustness of bones and massiveness of 
muscles. But the food requirements for 
the more massive muscles are also rel- 
atively increased, while the area covered 
in grazing increases with the larger animal 
only as the square of the linear dimensions. 
It results that larger animals need a good 
deal more food in proportion to their 
size, and, as a matter of observation, 
large animals spend a great portion of 
their time in feeding, while smaller ani- 
mals can satisfy their relatively smaller 
food requirements in a small proportion 
of their time. This sets a limit to the 
size of an animal as a practical working 
mechanism, a limit that varies with the 
nature and abundance of the food and 
the perfection of the mechanism, and is 
affected by various other factors. (The 
more rapid metabolism necessary to main- 
tain a constant high body temperature in 
a smaller animal affects the food require- 
ments in an opposite sense to the above; 
but it is of less relative importance in 
mammals of the size here considered.) 

The maximum of speed in a quad- 
ruped is reached at an earlier stage. Up 
to that stage the increase in size, although 
it involves a relative decrease in speed, 
enables the animal to cover more space 
within a limit of time. Beyond it, the 
greater massiveness necessary reduces the 
absolute speed. The swiftest living ani- 
mals are of the size of the gazelles and 
smaller antelopes, and the three-toed 
horses of the later Miocene were probably 
swifter than their modern descendants. 
The larger animal, however, is more able 
to defend himself against enemies, and 


as long as his food is sufficiently abundant 
natural selection will develop races con- 
siderably beyond the point of maximum 
speed. This has happened with the 
horses, the larger antelopes and cattle 
and various other races. With all large 
animals, however, an adequate food sup- 
ply is a relatively important factor in 
their survival, specialized habits become 
essential in order to secure sufficient food, 
and large animals arc hence more liable 
to extinction through change of environ- 
ment, and for other reasons which it 
would take too long to discuss. 

We observe in the evolution of the horse 
a progressive elongation of the lower 
legs and feet, with disappearance of the 
side toes, and the various minor mechan- 
ical adjustments necessary to secure high 
speed. This reaches a maximum in the 
Miocene and Pliocene horses, and, in the 
Pleistocene and modern horses, especially 
the larger species have relatively shorter 
and more robust leg and foot bones. 
They have passed the speed maximum, 
and probably have reached the size maxi- 
mum for that particular adaptation and en- 
vironment. Modern horses are no larger 
than those of the Lower Pleistocene. 

Many other changes in the construc- 
tion and proportions of all parts of the 
skeleton have taken place fari fassu with 
the changes cited. Most of them arc 
obviously explained on the mechanical 
and adaptive principles outlined. The 
increase in brain capacity is a line of 
progress paralleled by most other success- 
ful races of mammals. It involves prob- 
ably a great diversity of specialized adap- 
tations of intelligence to the habits of 
the animal, but its real meaning can hardly 
be understood in the present state of our 
knowledge. The horse has undoubtedly 
developed a marvellous place-memory, 
and the special development of its 
has presumably centred largely on this 
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feature, conditioning the special pattern 
seen in the progressive complication of 
the convolutions. 

The development and final degeneration 
of the facial pockets or preorbital fossse 
is also an obscure point. Gregory (19x0) 
has shown that these probably lodged 
diverticula of the nasal passages, but 
their function and usefulness is not known. 

SIMILAR CHANGES IN OTHER ANIMAL GROUPS. 
PARALLEL ADAPTATION IN OTHER MAMMALS 

If our explanation of the progressive 
changes in the Equidae phylum is correct, 
we should find other animals doing the 
same thing. That is to say, other races 
of similar habits, subject to the same 
changes of environment, should parallel 
the Equidse more or less closely. They 
should develop a superficial similarity, 
with underlying differences of construc- 
tion that betray the different origin. 
Such we find to be the case. Among the 
great group of Artiodactyls (pigs, hip- 
popotami, deer, antelopes, cattle, etc.) 
all the ruminants are seen in their geologic 
record losing the side toes, concentrating 
the step upon a central pair which become 
co-ossified into a “cannon bone” as in 
the horses, only with two hoofs instead 
of a single broad hoof. The teeth also 
become elongated with four crescents as 
in the horse, and in the cattle and some 
antelopes a large, high inner pillar on the 
molars and a heavy investment of cement 
make the molars singularly like those of 
horses. The premolar teeth, however, 
do not become like the molars; this defi- 
ciency in numbers of the grinders is offset 
^by the habit of ruminating or chewing 
the cud. 

In South America, in absence of true 
horses, another group of hoofed animals, 
the Litoptema, now wholly extinct, 
evolved a race which paralleled the horses 
in a very interesting way. They de- 


veloped three-toed and one-toed types 
which resemble the true three-toed and 
one-toed horses superficially, but in 
details of construction are seen to be 
even more different than Tapir or Rhi- 
noceros. Their teeth likewise resemble 
the teeth of the earlier three-toed horses, 
and likewise differ more widely in the 
underlying construction than do the 
diverse families of Perissodactyls of the 
north. (Yet these resemblances have 
been close enough to deceive able palae- 
ontologists in the past, when the evidence 
was more scanty than it is today.) 
When the true horses invaded South 
America in the Pliocene, these pseudo- 
horses became extinct. They had carried 
the specialization of the feet a stage fur- 
ther even than the modern horse, in one 
genus at least: Thoathmum has the side 
toes reduced to small nodules of bone; but 
this animal is quite small, about the size 
of a gazelle. Contemporary with it was 
a larger form, Diadsaphorus^ with side 
toes reduced about as in the contemporary 
MerycMppus. The teeth, however, are 
not beyond the stage reached in Miohip- 
pus of the Upper Oligocene. 

THE BEARING OB THIS EVIDENCE ON 
EVOLUTION 

In the preceding pages has been out- 
lined a summary of the material facts of 
evidence in the case. The fossils, found 
in a certain sequence of geological forma- 
tions, are the actual remains of animals 
that lived when that succession of forma- 
tions was being deposited. They are a 
direct record of the geological history of 
the equine family, that is, of the animals 
anatomically related to the existing 
horses. There is no question about the 
succession of the formations; they have 
been traced across country, one overlying 
or overlapping another in such fashion 
that the sequence is certain. There is no 
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question that the various stages are found 
in their appropriate position in the geo- 
logic succession as recited above, and are 
found only tvithin those limits as speci- 
fied. This is proved by many thousands 
of specimens of the better known stages 
and by hundreds of nearly all the rarer 
stages, which have been found by various 
collecting parties during the last eighty 
years, especially during the last two dec- 
ades, and are preserved in various mu- 
seums, each with exact record of forma- 
tion and locality in which it was found. 
Collectors have been keenly on the look- 
out for exceptions, for such exceptions 
would be of extraordinary interest to 
science; but they have not been found. 
Even certain apparent exceptions when 
more carefully studied have been found not 
to be real exceptions. 

Broadly speaking, the evolution of the 
horse in the sense of a regular progression 
by gradual stages from small primitive 
four-toed ancestors to the large, highly 
specialized, one-toed horse, appears not as 
a theory but a fact of record. It is equally 
a fact of record that the tapir and rhi- 
noceros arc derived from the same primi- 
tive stock through a similar series of 
progressive stages. Widely different in 
appearance and habits today, they have 
diverged from a common ancestral stock. 

If, therefore, we turn to the record of 
geologic history to answer the question 
whether as a matter of fact the diverse 
types of existing animals did evolve from 
common primitive stocks, or whether the 
various races have remained unchanged 
since they were created, the answer is 
perfectly definite and categorical. When- 
ever the evidence is sufficient, as it is in 
this instance, it proves the theory to be a 
fact of record. When the evidence is 
insufficient for proof, it fits in with the 
evolution theory, so far as it goes. It is 
in comparatively few instances out of the 


millions of existing species that the cate- 
gorical proof of their evolution is at hand. 
This will always be true, although the 
number of proofs and the completeness of 
the evidence grows year by year. 

It is asserted by some opponents of evo- 
lution that “the evidence is all circum- 
stantial.” Probably what they mean is 
the anatomical evidence— which, more- 
over, they totally misconceive in saying 
that it is “a matter of resemblances.” 
The fossil evidence, however, is not cir- 
cumstantial; it is the direct testimony of 
the record itself, far better than “eye- 
witness testimony,” for eye-witnesses may 
easily be mistaken, and often are, and 
there is no way to discover and correct 
their mistakes save the imperfect and 
uncertain methods of collation and cross- " 
examination. As for the evidence of 
comparative anatomy, while it is indirect, 
and may be compared to circumstantial 
evidence, its weight lies not at all in 
“resemblances” but in identity of struc- 
tural plan underlying a wide diversity of 
appearance and habits. We regard horse 
and man as related, not because they 
resemble each other, for they are utterly 
diverse in appearance, but because in spite 
of this diversity the anatomist finds that 
their underlying structure is funda- 
mentally the same. 

The causes and methods of the evolu- 
tionary process are matters of theory. 
The fossil record throws much light upon 
some of the problems involved; others arc 
wholly outside of its field. From de- 
tailed study of abundant material within 
a limited portion of the record, the range 
of individual variation of the animals in ^ 
certain area can be followed through the 
considerable period represented by a fos- 
siliferous formation or succession of forma- 
tions. Whether or to what extent these 
lie in genetic descent is a matter of Tcla- 
tivc probability, not of direct evidence. 
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Migration, the continuous shifting of 
range and species, invading new regions 
and abandoning old habitats, must always 
play a part, probably a dominant part, in 
the making of such a record. The gaps or 
apparently sudden jumps in a well docu- 
mented phylogeny often ascribed to “mu- 
tation" are, in most cases, due rather to 
migration. This much can be said, that 
the more complete the record, the more 
abundant the material, and the nearer we 
are, judging from the available evidence, 
to the probable centre of evolution and 
dispersal of any race of animals, the more 
continuous does the succession become, 
the more it appears to evolve through a 
succession of minute changes which lie 
within the limits of ordinary individual 
variation. 

For the facts as to the nature and kinds 
of individual variations and the laws of 
their inheritance or non-inheritance, the 
palaeontologist must turn to the geneticist. 
But it is apparent that the large and 
obvious “mutations" which the genet- 
icists select for “experimental evolution" 
have not played any part in natural evolu- 
tion as observed by palaeontologists. 
Probably the same laws of inheritance 
which they have deduced from the study 
of these large “mutations" apply equally 
to the minute and very frequent heritable 
variations whose existence in ourselves and 
familiar animals has always been a matter 
of common knowledge. It is equally 
true of fossil animals, that no two are 
exactly alike, equally probable a piori 
that the variations are partly heritable, 
partly non-heritable, and that heritable 
-variations are acted upon by natural 
selection. Some geneticists have shown 
us why such variations cannot accumulate 
into diversity of species and genera; but 
the palaeontological record shows that 
they do, and the fallacy that lies behind 
the geneticists’ argument is not difficult 


This fallacy turns partly upon a feature 
of natural as against artificial selection that 
it is not easy for a zoologist to appreciate, 
namely, the exceeding slowness of evolu- 
tionary changes in nature, and the vast 
length of geologic time. The Pieisto- 
cene period covers, according to recent 
estimates, more than a million years, 
more, that is to say, than a hundred 
thousand generations. Yet the amount 
of change in the horse phylum during 
that time is measured by the difference 
between one species and another. Arti- 
ficial breeding produces in a hundred gene- 
rations corresponding or greater changes 
in certain parts, but then comes against 
an apparent barrier to further change 
because the heritable variations necessary 
to accumulate further changes and co- 
ordinate them with other parts of the 
mechanism are not potentially available 
in the limited numbers of the stocks used 
for breeding. But in nature the stocks arc 
not so limited; they consist of many 
millions of individuals scattered over one 
or several continents, and intermingled 
and crossed through the shifting of range 
and migration over a period a thousand 
times as long. If we assume that new 
heritable variations appear from time to 
time in the heredity of each herd — and 
common knowledge of the heredity of our 
own species makes this appear rather as 
observation than assumption — the num- 
ber of potential variations available for 
breeding will be quite limited in dealing 
with a single herd over a few generations, 
but practically unlimited in natural selec- 
tion through geologic time. 

Now any wide departure from the 
normal in an individual is not advan- 
tageous because it interferes with the 
effectiveness of the animal as a working 
mechanism, and cannot be adjusted 
by numerous other changes of corre- 
sponding amount necessary in order to 
make the machinery work effectively. 
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To amputate the side toes from a dog 
would cripple it, not help it, because 
the central pair are not strengthened, 
the muscles are not adjusted to the 
new conditions, a hundred other corre- 
lated changes are not present. On the 
other hand, a slight change, a little 
elongation of the limbs or feet can be, and 
is normally, adjusted through the growth 
of the animal. These adjustments are 
not inherited; they cannot accumulate. 
So that while the heritable difference can 
accumulate, it soon reaches a point where 
the necessary co-ordinations are too great 
to be made through adjustments during 
the growth of the individual, the further 
evolution of the character ceases to be of 
advantage because it becomes a mal-ad- 
justed mechanism, and until heritable vari- 
ations can be introduced into the heredity 
to replace these non-heritable adjustments, 
no further progress can be made. Time 
and intercrossing will finally overcome 
this lack; it is a brake on evolutionary 
progress, not a barrier, but it may ex- 
plain why the record shows evolution to 
progress with such extreme slowness. 
The palfeontologist has indeed a different 


scale; he often speaks of rapid evolution 
and even of “explosions” of phyla. 
But an explosion which took at the least 
many thousands of centuries to explode 
would not seem to the lay mind to be so 
very sudden; and in fact I doubt whether 
there is any real evidence of more rapid 
evolution than the change from Eohippus 
to E^ms, and that, [if the radium calcula- 
tions are correct, took some fifty million 
years. It covers ten intermediate generic 
stages, and, if we assume that valid spe- 
cies are one-tenth as far apart as valid 
genera, we would figure that it took on 
the average five hundred thousand years 
to change from one species to the next 
in descent. The palaeontologist, accus- 
tomed to his astronomical time-scale, may 
speak of the extremely rapid evolution 
of Tertiary mammals in contrast to the (rel- 
ative) fixity of the turtles and crocodiles— 
but what he means by “extremely 
rapid” is a barely perceptible mutation in 
half a million years . (Barely distinguish- 
able, that is to say, from mere individual 
variation. The quotation is from Osborn’s 
recent address ‘ ‘The Origin of the Species as 
Revealed by Vertebrate Palaeontology.”) 
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RECENT RESULTS RELATING TO CHROMOSOMES 
AND GENETICS 

By T. H. MORGAN 
Department of Zoology^ Columbia University 


r" "S success of the method of 
g iotetpreting genetic results 

8 in terms of a chromosome 

JL mechanism must be apparent 

to any one who has followed the literature 
of recent years. This is not only true of 
the mechanism as applied to Mendel’s 
law of heredity, but also to many of the 
novel situations that are continually 
presenting themselves where a strict, and 
in some cases even a predictable, parallel 
has been found between new genetic occur- 
rences and an alteration in the chromo- 
somal mechanism. 

In the following pages three lines of 
recent advance will be discussed; first, the 
evidence relating to an increase in chromo- 
some number and its bearing on the prob- 
lem of a permanent change in the number 
of the chromosomes; second, the evi- 
dence of sex-chromosomes in dioecious 
plants, and the interpretation of sex in 
terms of genes; third, the evidence relating 
to the “emptiness” of the Y-chromosome. 

MULTIPLE CHROMOSOME GROUPS 

Recent discoveries have shown that 
species belonging to the same genus some- 
times differ from each other in that their 
chromosome numbers are multiples of 
some basal number which is the gametic 
or haploid number of the lowest member 
of the series. It is tempting to interpret 
these polyploid series as having arisen by 
the doubling, trebling, quadrupling, etc., 
of the number of chromosomes. There 
can be no doubt but that this is the correct 


interpretation in particular cases, but the 
observations have now gone far enough 
to show that it is unsafe to reconstruct 
all polyploid series on the assumption 
that they have arisen in this way. When 
the evidence from pedigree cultures suf- 
fices to show that a fourfold type has 
arisen directly from a diploid type, there 
can be no doubt but that the same set of 
chromosomes is present in fourfold num- 
ber in the tetraploid, but without this 
direct evidence it is unsafe to conclude 
that a double chromosome type of one 
species has necessarily arisen from a 
related species by a direct process of 
doubling. 

The characters shown by those diploids, 
triploids, tetraploids, that have arisen in 
pedigree cultures may be ascribed to the 
differences in their chromosome numbers, 
but when the differences in numbers have 
come about in other ways, as by hybridiz- 
ing, for instance, the situation is more 
complex, and the characters may be due, 
in part, to the differences in the number 
of the chromosomes and in part, to the 
combined effects of the chromosomes of 
different kinds brought together in the 
hybrid. The problem is further com- 
plicated by the relative volumes of the 
cytoplasm in cells with different numbers 
of chromosomes, since this involves ques- 
tions relating to the influence of the 
chromosomes on the amount of proto- 
plasm present in the cells, and the sub- 
sequent effect of the chromosomes on this 
amount. 
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These considerations are not merely a 
■priori possibilities but have arisen in con- 
nection with recent work on chromosome 
numbers and have been much discussed in 
recent literature of genetics and cytology. 
For example, there can be little doubt that 
the differences in characters between the 
diploid and tetraploid evening primrose 
are primarily due to differences in chro- 
mosome numbers. The same statement 
may be made for the diploid and tetra- 
ploid Datura and for the diploid and tetra- 
ploid tomato and nightshade. In the 
polyploid series of roses that have re- 
cently been studied by Tackholm, by 
Harrison and Blackburn and by Hurst, 
there is evidence that some of the poly- 
ploids may be multiples of a basal type, 
while in other cases, there is evidence 
from the characters of the roses them- 
selves, as well as from the behavior of 
their chromosomes at the maturation 
divisions, that the increase in number of 
chromosomes may have come about 
through crossing between different species. 
Hurst in particular has brought forward 
evidence in support of his view that five 
distinct varieties (or species) are at 
present combined in different ways in the 
roses of the Canina section. This evi- 
dence is so interesting that a somewhat 
more detailed statement may be given. 

Hurst thinks that the Canina roses can 
be referred to five primary groups or species 
that are now combined as tetraploids, 
hexaploids, octoploids, etc. These poly- 
ploids, he thinks, are not to be regarded 
as multiples of the primary types, but 
rather as composite forms produced per- 
haps by hybridization. It is true that 
Hurst finds certain geographical diffi- 
culties in ascribing a hybrid origin to 
these roses, and suggests that the lower 
numbers of the series with fewer chromo- 
somes have arisen through the loss of 
groups of 7 chromosomes each, but this 


interpretation Is difficult to bring into 
line with the known behavior of chromo- 
somes in the maturation divisions of eggs 
and sperm. On the other hand, other 
evidence from the work of Harrison and 
Blackburn and from the cytologicai evi- 
dence by Tackholm indicates, that some 
of the polj^ioid roses have arisen by 
doubling of a basal set of chromosomes. 
For instance, Tackholm finds that the 
smallest number, present in some species, 
is 14 (diploid) chromosomes. There are 
others that are tetraploids (z8), others 
hexaploids (42.), and others that are 
octoploids (56). Some of these groups 
are represented in figure i. In those 
cases where the increase in numbers has 
arisen directly by doubling or quadru- 
pling the diploid number, it is to be an- 
ticipated that at the time of conjugation 
of the chromosomes each chromosome 
will find a mate (or else like chromosomes 
will mate in fours) and consequently at 
the reduction division they will separate 
and pass to opposite poles leaving no 
unmated, “single’* or lagging chromo- 
somes on the spindle. Those roses whose 
chromosomes are in pairs in the matura- 
tion stages (of the pollen) are interpreted 
by Tackholm as having arisen by dou- 
bling. On the other hand the maturation 
divisions of other roses give a different 
picture. For instance, seven chromo- 
somes may pair with seven, leaving 
fourteen unpaired (single) chromosomes 
lagging on the spindle. The simplest 
interpretation in such cases is that the 
fourteen single chromosomes have had a 
different origin from the fourteen that 
conjugate. In other species there may 
be again seven paired and in addition 
twenty-one singles, and in still others 
seven paired and twenty-eight singles, 
etc. It seems not unreasonable to sup- 
pose that the fourteen chromosomes that 
conjugate to give seven pairs arc in all 
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cases members of one species, while the 
additional 14 or 11 or 28 have come from 
another species and have been brought 
together through hybridizing. If this 
is the correct interpretation, polyploid 
species may arise within the same genus 
either by doubling, quadrupling, etc. of 
the same set of chromosomes, or by the 
addition of foreign sets. 

It is clear that an understanding of these 
relations must have an important bearing 
on the genetics of these roses when these 
combinations have been further worked 
out. 


himself points out, the chromosomes, 
even in species having the same number, 
may have different size relations, and the 
nuclear diameters (resting stages) do not 
always bear a constant relation to the 
number of chromosomes present. 

In different species of clovers (T^rijolium) 
the following chromosome numbers (dip- 
loid) have been recently reported by 
Karpetschenko. Eight species have 14 
(fig. 2.), eleven have 16, one has 3x, one 
has 48, one has about 80, one has about 
130. If the haploid number be taken as 
eight, then four of the series are multi- 
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Fig. I. Chromosome Groups prom Diploid Cells op Dippbrbnt Species of Roses 
(After Tackhoim) 


The danger of erroneously interpreting 
all polyploid series in terms of multiples 
of a basal chromosomal number is also 
obvious when other groups of species are 
considered, in which, while some forms 
may be ranged as multiples of an assumed 
basal number, others are just as obviously 
not such multiples. A few such in- 
stances may be cited by way of illustration. 
In the cultivated varieties of chrysan- 
themum, Tahara finds varieties with 9, 
18, 17, 36 and 45 chromosomes, but as he 


pies of this number, namely 16, 31, 48, 80. 
The highest number (130) is only approxi- 
mately correct, if it had two less (12.8) or 
six more (136) it would fall into the 
series. The smallest number (14) that 
is present, in about one-third of the 
series, stands apart from the rest of the 
species. It could arbitrarily be derived 
from the .16 type by the union of two 
chromosomes, or the 16 type could be 
derived from the 14 type by the breaking 
apart of two chromosomes of the latter, 
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bat there is nothing in the sizes or shapes 
of the chromosomes to warrant this as- 
sumption. Bleier has also recently made 
a study of chromosome numbers in several 
species of clovers. Four species exam- 
ined by him had 14, eight species had 16, 
one species had 18, two species had 2.8, 
two had 96-98. In this account the 
numbers 14, i8 and 98 (?) might possibly 
be interpreted as multiples of 7, while 16 
and 96 (?) might be interpreted as multi- 
ples of eight. Taking Karpetschenko’s 
and Bleier’ s results together, assuming 
the numbers to be substantially correct 


the size in one species may be double 
that of another species, in other cases, 
the number may be doubled but the size 
remains the same, or the number as well 
as the size of the chromosomes may be 
six or seven fold as great. It is evident, 
as Bleier points out, that from these rela- 
tions the differences in numbers must 
sometimes have arisen in different ways. 

Heilborn also sounds a note of warning 
against the arbitrary arrangement of chro- 
mosome numbers in scries of multiples in 
a phylogenetic sense. In the sedges, 
Carex^ there are many differences in chro- 



Fig. X. Chromosome Groups of Somatic Cells of Different SpsaEs of Clovers (Trifolidm) with 
14, 16, 31, 48, 80, AND 130 Chromosomes 

(After Karpetschenko) 


(they do not always agree), a case for 
two series, multiples of /and 8 respectively, 
might be made out, but there are several 
further considerations that make such a 
generalization of doubtful value. For 
instance, Bleier, who has studied es- 
pecially the reduced groups (gemini) 
points out that while, in some species 
the number and size of the chromosomes 
may be the same, in other species, the 
number of chromosomes may be the same 
but their sizes different. A comparison 
of still other species shows that while the 
number of the chromosomes as well as 


mosome numbers. For example, it is 
possible to pick out species that may ap- 
pear to have chromosome numbers that 
are multiples of three as a fundamental 
haploid number, thus 9, 15, 14, 2.7, 36, 
and 41 chromosomes. It is also possible 
to put together a scries that has four as a 
fundamental number, thus 16, 14, a8, 31, 3 6, 

40, and 56 chromosomes and still others 
that are multiples of seven, thus i8, 35, 

41, and 56. Several of these numbers 
appear in two or more of the series. Fur- 
thermore the size relations in certain cases 
are not consistent with the assumption 
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that the higher numbers are simple multi- 
ples of the lower. There can be little 
doubt that the solution of the problem 
can not be found in such a simple fashion. 
That polyploidf may in some cases play 
a role in the production of the hybrid 
numbers of chromosomes can scarcely be 
denied, but that all cases of multiples are 
in themselves evidence of polyploidy is 
clearly not true. Other evidence of a 
different sort will be required in each 
case before it can be interpreted in rela- 
tion to the others. The genus Creps is 
one of the earliest in the plant series whose 
chromosome numbers aroused interest, 
both because the small number present 
made exact counts possible, and also be- 
cause different numbers, sometimes multi- 
ples of each other, are present. Rosen- 
berg recorded species with 3, 4, 5, 8, and 
Lo pairs. Marchal recorded species with 
3, 4, 5, 6, 8 and 16 pairs, and suggested 
that four is the basal number for the 
group; those that are not complete multi- 
ples being accounted for as due to biparti- 
tion of single chromosomes or to the 
doubling of certain pairs — a procedure 
that has come to be looked upon in recent 
years with some scepticism. Miss Mann 
has recently reported one species of 
Crepis with 6 chromosomes (n == 3), 
seventeen with 8 chromosomes (n = 
4), five species with 10 (n = 5); one with 
16 (n = 8); one with 18 (n == 9), and 
one with 40 (n = ao). While a basal 
number four will serve for some of these 
species, other species are not multiples of 
this number. Measurements of the chro- 
mosomes of several species, that have been 
made by Miss Mann, do not give much 
further insight into the possible interrela- 
tionships between the chromosomes in 
this genus. 

THE ADDITION Or SINGLE CHROMOSOMES 

In most animals and plants the diploid 
or double number consists of pairs and is 


therefore an even number. The excep- 
tions to this rule are those cases where 
one sex has one less chromosome than the 
other. On rare occasions an additional 
member of one pair may appear giving 
three of a kind. These are called trisomic 
or triplotypic forms. The first case of 
the kind was observed in Oenothera^, where 
1 5 chromosome plants were found. Later, 
other cases were recorded, for example, 
in Drosophila and in Datura^ The way in 
which such a condition is reached is 
fairly well understood. At the matura- 
tion of a germ cell, two daughter chro- 
mosomes, that ordinarily would pass to 
opposite poles of the mitotic spindle and 
then go to separate cells, fail to separate 
completely and get caught in one cell, 
which comes, in consequence, to contain 
one additional chromosome. If such a 
germ cell unites with one of the opposite 
sex, an individual is produced that has 
one more chromosome than the normal 
type. The presence of an additional 
chromosome does not appear to act 
favorably on the individual in the cases 
so far observed. The normal balance of 
the genes, that is adjusted to produce a 
viable type, is upset with more or less 
serious results. The evidence, as far as 
it goes, does not seem favorable, there- 
fore, to the view that new self-perpetuat- 
ing types could be established in this 
way. Moreover such heteroploid types, 
when bred to the normal type, transmit 
their combination to only half of the off- 
spring. The chance is, therefore, that in 
time they would be eliminated on both 
counts. 

There is, however, something further 
to be said in this connection. If the extra 
chromosome in question is a small one, 
like the fourth chromosome of Drosophila, 
the balance may be little disturbed and 
the characters little affected. In other 
cases, where a larger number of chromo- 
somes than in Drosophila is present, the 



CHROMOSOMES AND GENETICS 


addition of one new member may also be 
less injurious. Moreover if polyploidy 
has already taken place the addition of a 
new member might less seriously affect 
the viability since the balance of the 
genes is less disturbed. 

The occurrence of a type with one addi- 
tional chromosome furnishes theoretically 
the possibility of producing from it a 
type with two additional chromosomes, 
i.e., four of one kind, or a tetratype or 
tetrasomic type. Such a type, other things 
being equal, might seem to give an oppor- 
tunity to produce a new type with an 
additional pair of chromosomes. If the 
tetrasomic type belongs to a monoecious 
species, i.e., one that produces both eggs 
and pollen grains, self-fertilization will 
give, in one-fourth of the offspring, indi- 
viduals with two extra chromosomes, and 
there will be an even number of chromo- 
somes to conjugate. But the balance of 
the genes will then be still further dis- 
turbed than in the trisomic type, and 
the expectation is that the result will be 
more injurious even than when only one 
chromosome is added. In the few in- 
stances of the sort that are known, viz., 
Oenothera and Datura, the evidence gives 
little encouragement for the view that, 
by the addition of two extra chromosomes, 
new types may be established. 

The loss of a member of a pair of chro- 
mosomes also produces an uneven number 
of chromosomes. Such a result may be 
more injurious to the individual than the 
addition of one chromosome, and if, 
through such a condition, the further loss 
of the other member of the pair results, 
which is theoretically possible, the evi- 
dence indicates that the effect will gen- 
erally be fatal to the life of the individ- 
ual. Thus while the loss of one of the 
smallest chromosomes of Drosophila can 
be borne the loss of both small chromo- 
somes seems to be fatal. At least, 
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no such individuals have as yet been 
found under conditions that would 
lead to the formation of such combina- 
tions, namely, by mating two individ- 
uals each with only one of the fourth 
chromosomes. 

There remains for consideration the 
possibility that an increase in the number 
of chromosomes may come about through 
the breaking apart of one or more chromo- 
somes. In fact there are numerous cases 
on record where broken chromosomes 
have been detected in cells, and other 
cases where one or even all the chromo- 
somes may break apart as a regular pro- 
cedure. This may seem to give a better 
chance for establishing new numbers. If 
one chromosome should become broken 
into two parts early in the germ track, 
many germ ceils might come to contain 
the broken parts. In a monoecious plant 
that is self-fertile, a new individual aris- 
ing by the union of two such cells would 
contain four pieces, instead of the usual 
two chromosomes, and if these pieces 
behaved normally in division, a new type 
with the same number of genes as the 
original, but with two more chromo- 
somes, would result. But there is an 
obvious objection to such a simple solu- 
tion. The chromosomes are attached to 
the poles of the spindle by achromatic 
fibres that arise from or are connected 
with specific regions of each chromosome. 
It is uncertain whether both pieces of a 
broken chromosome could move (or be 
carried) to the poles of the spindle as do 
normal chromosomes. At least, until 
evidence on this score is available, it is 
hazardous to build up a theory on the 
assumption that cell division would be 
normal. 

The problem is even more complex in 
forms with separate sexes where the 
broken chromosome pieces would have tc 
be carried along through successive gen* 
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erations until like met like— an improba- in which on four occasions the two 
ble although a possible event. Since no straight X~chromosomes became united 
advantage is supposed to arise from the at one end to form a V-shaped chromo- 
separation, and possibly some disadvan- some. This process, to be sure, does not 
tage in mitosis, as stated above, it does give a type with one less chromosome, 
not seem likely that such a condition since the two united chromosomes take 
would be self-perpetuating. the place of the two single ones in the 

There remains another possibility, female, and the male then gets his single 
namely, that a bent chromosome might X from his father. The two united X’s 
break apart at the attachment point of may break apart, and usually at the point 
the spindle fibre and each part might then of union. Here we have proof that union 
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Fig. 3, Diagram of Female Chromosome Groups (Diploid) of Different Species of Drosophila; 
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possess a spindle-fibre attachment of its 
own. This might seem more probable if 
the bent chromosome had been formed 
by a previous union of two chromosomes 
uniting at their spindle-fibre ends. In 
fact, there is one known case in which 
two chromosomes (with known mutant 
genes) became attached to each other. 
On rare occasions the two may again sep- 
arate and then one part at least is known 
to behave as a normal single chromosome. 
The case referred to is that of Drosophila 


and separation of two chromosomes may 
take place, but the situation is unique and 
its general application may seem doubt- 
ful. Nevertheless the result invites a 
comparison between the shapes of the 
chromosomes in different species of Dro- 
sophila where some species have two 
pairs of straight rods that may be, and 
have been, in fact, compared with a single 
pair of bent chromosomes of other species. 
Metz has brought together in a diagram 
(fig. 3) the diploid chromosome groups of 
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difcrcGt species of Drosophilidae. In- 
spection of these groups will show how 
easily some of them may be converted 
into others by supposing that two pairs 
of chromosomes have united, or con- 
trariwise by supposing that a pair has 
become separated into two pairs. It is 
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Fig. 4. Diagram os Male Chromosome Groups of 
Drosophila mulleri and D. repleta 
(After Metz and Moses) 

quite possible that this is the explana- 
tion in some cases, but the risk involved 
in any such arbitrary procedure may be 
illustrated by a single instance from the 
figures given. Two species. Drosophila 


an autosome could have come from since 
the same number of autosomes is present 
in both species. 

Delaunay has recently made direct com- 
parison between species of plants belong- 
ing to the two genera Bdkvalia and 
Muscari. In the former there are in some 
species eight chromosomes each sharply 
bent giving a longer and a shorter arm 
(fig. 5). In the latter there are species 
with sixteen straight chromosomes whose 
sizes seem to correspond to the parts of 
the bent chromosomes of the Belkvalia 
group. Delaunay thinks that the transi- 
tion from one genus to the other is brought 
about by the simple process of separation 
of the bent chromosomes into their com- 
ponent parts, but from the point of view 
of the genes it is not apparent how a simple 
separation could be the immediate cause 
of the change in the character of the 
plants, nor does it seem probable that such 



Fig. 5. Bent Chromosomes of Bellevalia (Above to Left) and of Muscari (Below) 
The first two fiowers to the right are Msescari, the second two arc Belkvalia. (After Delaunay) 


repleta and D. mulleri are so closely alike 
that they “were reared in the laboratory 
under the same name until it was found 
that they differed in their chromosomes 
and that they would not hybridize.” 
Subsequently they were differentiated by 
several external characters. Both species 
have the same number of chromosomes 
(fig. 4) but in repleta the X-chromosomc is 
bent and in mulleri it is straight. In 
the former the bent X is about twice as 
long as the straight X in the latter. If 
the bent X*s be supposed to have arisen 
by the union of an X chromosome with an 
autosome, it is not apparent where such 


a separation would occur simultaneously 
in all the bent chromosomes at the same 
time. Granting that the two chromo- 
some groups may, in some of the species 
at least, bear the interpretation that 
Delaunay has put upon them, it may ap- 
pear that other change and perhaps 
changes in genes may be the more im- 
mediate cause of the differences in the 
characters of the different species. 

THE establishment OT NEW CHROMOSOME 
NUMBERS BY HYBRIDIZING 

Another way in which types with new 
chromosome numbers may at times arise 
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is indicated by the recent work of Ljnng- 
dahl, and of Clausen and Goodspeed, who 
have produced, by crossing, types with 
stable chromosome numbers different from 
the original parental ones and multiples 
of a basal number common to those types. 
A poppy, Palaver nudkaU^ having 14 
chromosomes (n == 7} was crossed to 
P. sfriatocarpum having 70 chromosomes 

a (f 


to one of the parental types it may be 
possible to produce tetraploid, and octo- 
ploid types. 

Whether the poppies used in this cross 
are to be ranked as varieties or species 
is uncertain, but it is evident that since 
one type brings in only seven chromo- 
somes, and since there are twenty-one 
conjugants in the hybrid, some of the pairs 
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Fig. 6. a , Chromosom:e Group (Gemini) of Papaver nudicale with Seven Gemini (Diploid i4> h of 
P. STRIATOCARPUM WITH 35 GeMINI (DiPLOID 70), AND OF HybRID WITH II GeMINI (DiPLOID 4x)’ 

Ljimgdahf )^ ^wo sections of the same dividing spcrm-mother-cell without any lagging chromosomes. (After 


(n = 3 5). The hybrid has 4x chromosomes 
(fig. 6) and is fertile. When its germ 
cells mature there are xi paired chromo- 
somes (gemini), that separate at the first 
division (fig. 6^, xi passing to each 
cell. No single chromosomes and no 
irregularities arc present. A new type, a 
hexaploid, with 4X chromosomes has been 
produced. By backcrossing such a type 


must be made by union of the chromo- 
somes of one type with those of the other, 
while the remaining conjugants must be’ 
formed by the union of chromosomes 
from the parent with the larger number. 

Another remarkable case has recently 
been reported by Clausen and Goodspeed 
in which a stable type with a new number 
of chromosomes has been formed from 
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two undoubted species of tobacco. The 
two species Nicottana gluHnosa and Taha- 
cum generally give, when crossed, a weak 
hybrid that produces only a few viable 
seeds after self-fertilization. Three such 
hybrids were obtained, one of which was 
partially fertile after hand-pollination. 
It produced numerous F2 offspring, most 
of which were fairly fertile. One of the 
F2 plants was more robust than the others. 
When its chromosomes were studied, 36 
bivalents were found to be present. The 
somatic number, therefore, must be 71 
which is exactly twice the number (36) 
present in the first generation (Fi) hybrids 
formed by the union of chromosomes 
from glutimsa and 14 from Tahacum, 
The result may be interpreted to mean 
that a doubling of all the chromosomes 
had occurred immediately after fertiliza- 
tion in one of the Fi hybrids. Such an oc- 
currence would bring about a diploid con- 
dition in each set of chromosomes, and hence 
a composite tetraploid with respect to the 
sum total of its chromosomes. The new 
type then, contained 14 gluHnosa chro- 
mosomes (iz + iz) and also 48 Tahacum 
chromosomes (z4 -f Z4). There would 
be expected to be present in the matura- 
tion stages of this Fi plant two of each 
kind of chromosomes, which, mating in 
pairs, would give the recorded number of 
36 bivalents. The observed regularity of 
the reduction division in this tetraploid 
hybrid is in accordance with this view, 
especially when contrasted with the 
irregularities observed in the ordinary 
Fi individuals having 36 chromosomes 
where there are numerous unpaired chro- 
.mosomes that are distributed irregularly. 

Thus a new hybrid t5rpe with a new 
chromosome number, that is expected to 
breed true to its hybrid characteristics, 
has been produced from a cross of two 
undoubted species. Clausen and Good- 
speed point out that the same explanation 


may be applicable to the tetraploid Rrh 
mula kswensis, a hybrid of F. fiorihmda 
and P. Dertkillata. The original hybrid 
was sterile but it produced a bud sport 
that gave rise to the constant form known 
as P. kewensis. Each of the original 
species had 18 chromosomes (haploid 9): 
the sterile hybrid had 18, and P. kewen- 
sis 36 chromosomes. The latter may be 
supposed to have arisen by a somatic 
doubling of the 18 chromosomes present in 
the hybrid, and as a result there would be 
two of each of the original kinds of 
chromosomes in the bud sport that gave 
rise to P. kewensis. It is, then, a hybrid 
tetraploid breeding true to its double 
chromosome composition. 

SEX AND SEX CHROMOSOMES IN FLOWERING 
PLANTS 

The recent discovery of a pair of dif- 
ferential sex chromosomes in several 
dioecious flowering plants has aroused 
much interest. In animals the main facts 
connected with the sex mechanism arc 
well known and a review of the evidence 
is unnecessary, but in plants the facts are 
so new that a brief summary of recent 
work may not be out of place. 

The simultaneous announcement in 19Z3 
by three independent investigators that a 
differential pair of chromosomes occurs 
in certain dioecious plants came as a 
surprise because sex chromosomes had 
been often looked for in plants but not 
discovered. Santos examined the dioeci- 
ous plant Elodca and found in the male 
an unequal XY pair of chromosomes 
(figs. 7 and 8) besides the 44 autosomes. 
Two kinds of pollen grains result, one 
with X (and zz autosomes) the other 
with Y (and zz autosomes). The chro- 
mosomes of the female were at that time 
not recorded but the occurrence of an 
unequal pair in the male plant and their 
segregation in different gametes made 
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their interpretation as sex chromosomes opposite pole. This was confirmed a year 
very probable. A year later (1914) Santos later by Sinoto (’14). Two kinds of 
reported a pair of sex chromosomes in the pollen grains result, presumably sex dif- 
female of Elodea that were equal in size ferentiating. Another botanist, Winge,re- 
(fig. 8) and corresponded to the larger ported at the same time an unequal pair 
member (X) of the XY pair in the male, of chromosomes in the male hop-plant 
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Fig. 7, Sex Chromosomes (X and Y) in Several Dioecious Flowering Plants 
(After Belar) 

Two cytologists, Kihara and Ono have (fig, 7) and also in Melandrmm, He also 
found two small chromosomes and one found in ValUsneria an unpaired chromo- 
large one in the male of Rumex that come some (X) in the male. In the latter case, 
together at the maturation of the pollen half the pollen grains have one X (and 
mother cells (fig. 7) and then separate, eight autos omes) and half no X (and eight 
the two smaller ^oin^: to one pole and autosomes). 
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equal pair of chromosomes in the male that the two chromosomes in the female 
of Mdandrium^ (fig, 7) and has also a correspond more nearlf to the^sizc of the 
further fact essential to complete the chain larger (X) chromosome of the male, 
of evidence, namely, that in the female Blackburn and Harrison reported that 
there is an equal pair of corresponding an unequal pair of chromosomes is present 
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Fig. 8. Paired Chromosomes (Gemini) or Elodea 

The two upper lines include the XY pair (/ and «*) in conjugation; in the third line they arc in process oi 
separation. In the fourth (lowest) line the difference in size between X and Y (here / and »») in the male is 
shown to the left, and the two X’s (of the same size) arc shown to the right. (After Santos) 


Fig, 9. Twelve Chromosome Pairs (Gemini) oe MELANDRitrM album; Those from Female in the 
Upper Line with X-X Pair; Those from Male in Lower Line with X-Y Pair 
(After Menrman) 

chromosomes. She thought it probable in the male of the poplar (Po^ulus tremula) 
that the two chromosomes in the female and in the male of a willow C-^alix vimi- 
correspond to the smaller (Y?) chromo- nalis). 

some of the male but the more recent ob- Hirata found in one race of hemp 
servations of Meurman (fig. 9) indicate (fiannahis sativd) an unequal pair of 
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chfomosotnes, although McPhee had 
failed to discover such a difference in the 
variety of hemp studied by him. These 
results with hemp are interesting since it 
has been shown that environmental con- 
ditions have an effect on the develop- 
ment of male and female flowers on the 
same plant, at least in certain races. 
Yarapolsky reports that in Mucuralis 
there is not an unequal pair of chromo- 
somes in the male. 

The latest report on the subject by 
Meurman adds a number of other cases to 
this list for the male, and confirms several 
of the earlier results. In three species 
of poplar he reports an unequal pair in the 
male. He finds the same relation in 
Valeriana and probably in Urtka and in 
two varieties of Melandrium (fig. 3). A 
tripartite chromosome is present in the 
male of two species of Rumex, In one 
species of Dioscorea (D. sinuatd) there is 
probably an unpaired chromosome in 
the male, and two classes of pollen with 
17 and 18 chromosomes were observed in 
one case in sister “plates.” In another 
species no inequality in the pair could be 
observed. In six other dioecious plants 
no inequality in any of the chromosome 
pairs could be detected. 

These observations go far towards es- 
tablishing the view that there exists 
in some dioecious plants a chromosome 
mechanism that determines sex. The 
male is digametic in all cases so far de- 
scribed as earlier experiments by Cor- 
rens and by Shull had made probable. 
The mechanism is the same in kind as the 
XX-XY type in many insects. It should 
be pointed out with all possible empha- 
sis that this correspondence in mechanism 
does not necessarily mean that the two 
processes are comparable as to the genes 
involved. Only if sex is generalized and 
supposed to be in all cases the result of 
the same specific sex-genes that are com- 


mon to all organisms could there be any 
grounds for such an assumption. There 
is as yet no evidence of specific genes that 
have to do with sex determination alone 
and least of all any grounds for such an 
assumption when for example a flowering 
plant and an insect are compared. The 
evidence seems rather to mean that a 
certain balance between sets of genes, 
possibly a very large number, inclines the 
individual to develop the male sex-cells, 
while another balance tips the scale 
another way. It is quite possible that 
there is not one way in which the scale 
may be tipped but many ways. If so, 
sex-determination in the flowering plants 
may be due to different sets of genes from 
those that determine sex in animals. 

SEX IN HAPLOIDS 

The demonstration by Allen in 1919, 
that the cells of the female haploid game- 
tophyte of the liverwort, Sfhaerocarps^ 
have a large X-chromosome and that the 
cells of the male haploid gametophyte 
have a corresponding small Y-chromo- 
some, gives a reasonable explanation of 
the differences shown by their prothallia 
(gametophytes). Similarly the experi- 
mental demonstration by the Marchals, 
by Wettstein and others that from each 
spore-mother-cell of dioecious mosses arise 
two spores that develop into female 
protonemata (gametophytes), and two 
other spores that develop into male proto- 
nemata (gametophytes), falls into line 
with Allen’s results on the allied liver- 
worts. It is customary to speak of the 
two kinds of gametophytes as female and 
male respectively since one produces eggs 
the other sperm cells (antherozoids). 
The succeeding generation, the sporo- 
phyte (zygote) arising from the fertiliza- 
tion of the egg by the sperm, is sometimes 
said to be sexless or asexual. It has 
however one X- and one Y-chromosome. 
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Some unnecessary confusion has arisen 
between the terminology used for the 
moss and liYerwort and that employed 
for dioecious flowering plants in which 
the terms female and male apply to the 
sporophyte (diploid) generation and not 
to the egg cell (which is a part of the 
haploid generation within the embryo 
sac) and to the pollen grain (which is 
also a part of the haploid generation). 
It may seem at first sight, that male and 
female are used in these two groups in a 
different sense. There is no real contra- 
diction, however, except a verbal one 
arising from phylogenetic implications. 
If the two cases in question are stated in 
terms of genes, the imagined difficulties 
disappear. In the liverworts, for in- 
stance, the balance of genes in the haploid 
gametophyte, containing the large X- 
chromosome, leads to the production of 
egg-cells and the balance of genes in the 
haploid gametophyte containing the small 
Y-chromosome leads to the production of 
sperm-cells. The egg-bearer is here called 
female, the sperm-bearer is called male. 
In the diploid generation of those flower- 
ing plants that are dioecious, where a 
differential pair of chromosomes is present 
in the male, the balance of the genes in 
the diploid generation between the auto- 
somes and two X’s gives a female (an 
individual that produces eggs), and the 
balance of the genes in the diploid genera- 
tion between the autosomes and the XY 
pair gives a male (an individual that pro- 
duces sperm cells). Both in the liver- 
wort and in the flowering plant the situa- 
tion turns on a balance between sets of 
genes. It may be that the same sets of 
genes are not involved in both cases, or 
that some of them arc the same, others are 
different. The essential point is that in 
both cases, differences in balance lead to 
two kinds of individuals which are 
called males and females since they pro- 
duce eggs and sperm cells respectively. 
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In criticism of these statements it may 
possibly be said that the facts have only 
been restated and not explained. This is 
quite true. All that has been attempted 
is to point out that the facts may be 
restated in such a way that there is no 
apparent contradiction involved in the 
two cases. We may look forward per- 
haps to the time when the number and 
nature of the genes involved in cases where 
a difference in balance produces two kinds 
of individuals, will be determined. 
Meanwhile there is nothing in the situa- 
tion that need cause anxiety, and certainly 
nothing that can be used as a refutation 
of recent advances in an understanding of 
sex determination. 

The haploid condition in animals is 
characteristic of the gametes. There are 
no cases of alternating haploid and 
diploid generations as in plants. But 
there are two or three types at least in 
which one sex is diploid and the other 
haploid. In the Hymenoptera and a few 
other insects the female is diploid and the 
male haploid, at least in the early stages 
of development. In Rotifera the females 
are diploid and the males are haploid. 
There is no evidence in either group of 
sex-chromosomes as such. At present no 
explanation resting on experimental evi- 
dence can be offered to explain these rela- 
tions. Until such evidence is forth- 
coming the possible theoretical interpre- 
tations that have been suggested are not 
illuminating. 

In Drosophila on the other hand where a 
known sex mechanism is at hand, and 
where there is experimental evidence 
bearing on the problem of balance of the 
genes involved in sex-determination, there 
is a recent observation by Bridges that is 
significant. Two mosaic individuals were 
found which, from genetic evidence, 
seemed probably to be composites, in 
part haploid and in part diploid. In one 
case the haploid region includes the loca- 
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tion of a secondary sex-organ, the sex- 
comb (present in the normal male, 
absent in the female). In the mosaic the 
sex-comb is absent in the region that is 
haploid. In other words the haploid, 
group of chromosomes consisting of three 
autosomes and one X gives, as anticipated, 
the same kind of result as six autosomes 
and two X’s. The balance is the same in 
each although the haploid region of the 
mosaic has only one X, as has the normal 
male; but in the male this is offset by 
six autosomes. 

The converse case is reported by Wett- 
stein who produced by artificial means 
garnet ophyte moss plants that were dip- 
loid. If these arise from a haploid female 
gametophyte cell they are female, and if 
from a haploid male gametophyte cell 
they are male. In both cases the balance 
remains as before. It is apparent that 
sex determination is not in these cases 
regulated by the number of the chromo- 
somes but by the relation of contrasted 
sets of genes or chromosomes to one 
another. 

SEX AND ITS DEFINITION IN LOWER PLANTS 

The question of sex terminology ap- 
pears in its most acute form in the re- 
sults of recent work on certain groups 
of gilled fungi or toadstools, Basidio- 
mycetes. In this group, according to a 
recent statement by Hanna “The prob- 
lem of sex has occupied the attention of 
mycologists for more than a hundred 
years.” The discoveries of Miss M. 
Bensaude (1918), of Xniep (1919-13), of 
Miss Mounce (1911-11), Buffer (1914) 
and Hanna (1915) have brought to light 
an extraordinarily interesting situation. 
In order to simplify the description of this 
work, the recent paper of Hanna is here 
followed closely. By means of a new and 
refined technique, single spores from the 
gills of the toadstool can be isolated. 


From each spore a single mycelium of 
hyphae can be grown in dung-agar cul- 
tures. Each such monosporous mycelium 
can then be tested by bringing it in con- 
tact with the others one by one. Certain 
of these combinations will unite and form 
a secondary mycelium on which “clamp 
connections” develop, indicating that the 
two mycelia are of “opposite sexes.” 
Later, fruiting bodies or toadstools de- 
velop from such mycelia. On the other 
hand, other combinations when made, do 
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Fig. 10. Record of Union (q-) or. Failure (■—) 
Between Monosporous Mycelia of Coprinus 
LAG opus OF Same Parentage 

The mycelia are here classified into four kinds 1 
AB, ab, Ab, aB, according to their behaviour with 
one another. (After Hanna.) 

not form secondary mycelia with clamp 
connections, and, as a rule, do not produce 
fruit bodies. The union is interpreted to 
mean that the mycelia in question arc 
of opposite sex. 

Now, when monosporous mycelia from 
the same strain, (i.e., from plants living 
in the same locality) are tested, the results 
arc like those in Fig. 10. Here, the 
presence of clamp connections, formed 
after the union of two monosporous my- 
celia, is indicated by the + sign. Failure 
in this respect is indicated by the — 
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sign. In the table the mycclia fall into 
four groups (those belonging to the same 
group have been brought together in the 
table). The result is interpreted as mean- 
ing that the spores of a single fruit body 
of the species studied namely Copinus 
lagopSy belong to four sexual groups. 

These four groups as Kniep first showed, 
can be accounted for on the assumption 
of two pairs of Mendelian factors that may 
be designated Aa and Bb. If these fac- 
tors are segregated, at the time when the 


sporous mycclia lie singly in the proto- 
plasm. After union of two mycclia, the 
nuclei in the derived (secondary) my- 
celium arc in pairs. It is reasonable to 
assume that one member of each pair has 
come from one mycelium, the other one 
from the other mycelium. At the time 
when the four spores are about to develop, 
reduction is supposed to take place, so 
that each spore comes to contain a re- 
duced nucleus. Each spore gives rise to 
a new reduced mycelium. Such a picture 
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Fig. II. Records of Unions Between Unisporous Mycelia of Coprinus lagoptjs from 
Different Strains, A* a< B* h * and A* a* b- 
(After Hanna) 


spores are formed on each basidium, there 
will be present on each toadstool four 
kinds of spores, AB, ab, Ab, aB, each of 
which gives rise to a mycelium of the 
same genetic composition. As shown in 
figure 10, only those mycelia differing in 
both factors unite and form clamp con- 
nections. This means that there are four 
sexes, and only those with different sex 
factors can combine. 

There is also a cytological background 
that accords excellently with these genetic 
assumptions. The nuclei in the mono- 


accords with the reduction process in 
higher plants and animals and serves to 
bring these moulds into line with the 
generic results that take place when the 
chromosomes are reduced from diploid 
to haploid gametes. It is true that, as 
yet, it has not been shown in Copinus 
and related species that we are dealing 
with a diploid-haploid relation, but it 
seems not improbable that this is the cor- 
rect interpretation of the facts as far as 
known. If so, the sorting out of the 
genetic factors in these toadstools is the 
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same in principle as that shown by other 
plants and animals. 

The preceding relations hold for strains 
occurring in any one locality. If strains 
from different localities are tested, an 
extraordinary result is found. Ail the 
monosporous mycelia of one strain unite 
(i.e., give mycelia with clamp connec- 
tions, etc.) with all the monosporous 
mycelia of the other strains. In figure ii 
the pairing of eleven monosporous mycelia 
from a fruit body from one locality (Ed- 
monton, Canada) are shown to have 
united with eleven monosporous mycelia 
from another locality (Winnipeg). The 
same results were obtained whenever 



such hybrid origin will behave in a manner 
similar to that shown by mycelia from 
a single source, in that two given mycelia 
form clamp connections only in case they 
carry no factors in common. 

Here we have the phenomenon of sex 
exhibited on a grand scale if we interpret 
the factors involved as sex factors in the 
conventional sense. There is no objec- 
tion to using the word in this way if it 
seems advantageous to define sex on 
such a basis. Personally, I think it is 
simpler to interpret the results in the 
same way as East has interpreted the 
results of his tobacco investigations, and 
call the factors involved self-sterility fac- 



Fig. iz. SwAiiMiNG OP Male Gametes Around “Female” Gamete (to Left). Union op a 
“Male” Gamete and a “Female” Gamete (to Right) 

(After Hartmann) 


strains from different localities were 
paired. The combinations carried out 
by Hanna gave twenty sexes for Coprims 
and no doubt the number could be greatly 
increased by extending the combinations 
to other localities. 

Not only was cross-hybridizing carried 
out, but the factorial hypothesis was 
further tested by experiments on the 
crossed strains themselves. If the factors 
from the different strains are treated as 
allelomorphic pairs, and the factors in 
one strain are designated by Aa and Bb, 
and those in another strain by and 
B^b^; there will be sixteen possible hybrids 
formed by the union of the mycelia from 
these two varieties, and each mycelium of 


tors (see below). The explanation is the 
same in principle, whatever language one 
prefers to use in describing them. 

Under the title of Research on Relative 
Sexuality, Hartmann has recently de- 
scribed results that he obtained with the 
marine alga, Ectocarpus siUculosus, The 
motile swarm-spores set free from the 
plants are externally alike, but according 
to their subsequent behavior they fall^ 
into two classes “females" and “males." 
The former quickly settle down, while 
the latter continue to swarm for some time 
and surround the female individual (fig- 
12.). One of the male swarm-spores finally 
fuses with the resting female swarm-spore. 
Hartmann isolated individual parent plants 
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and when the swam spores were set 
free tested these masse against each 
other. A typical result is given in figure 
13 (to the left) where union is indicated 
by the + sign and failure to unite by the 
— sign. Each kind is tested against 
each of the other kinds. In most cases 
the swarm-spores from a given individual 
behave constantly either as males or as 
females with the other types, but in a 
few instances swarm-spores that acted 
as females in some combinations acted 
as males in other combinations. Thus 
No. 4 (see fig. 13, to left) and No. 13 give 
results inconsistent with their reaction 


tent these relations may be affected by 
age-factors (settling down, for example), 
or by environmental factors is not en- 
tirely clear, although Hartmann’s state- 
ment that the relations hold from day 
to day as the swarm-spores are tested 
seems to exclude such explanations. Un- 
fortunately the material is not suited to 
a genetic analysis of the factors involved. 
Whether the quicker settling down of 
gametes from a certain individual is a 
sufficient index of their “sex” and if so, 
how this is changed when a weak female 
acts as a male, etc., is not apparent. 
Nevertheless the failure of gametes from 
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Fig. 13. Record of Union (+) or Failure (— ) to Unite Between the Gametes from Different Plants 

(Ectocarpus) 

(After Hartmann) 


in Other combinations. Another excep- 
tion is found in the reactions between No. 
35 and No. 38 (see fig. 13, to right), 
both of which are designated as males 
from their general behaviour, yet react 
to each other as male and female. Hart- 
mann speaks of certain individuals as 
strong males, others as weak males, cer- 
tain individuals as strong females and 
, others as weak females according to the 
numbers of “clusters” that they give in 
different combinations, and concludes 
that weak females may function as males 
when opposed to strong females, and that 
weak males may function as females when 
opposed to strong males. To what ex- 


the same plant to copulate appears to put 
the phenomenon in the same category 
as self-sterility present in other groups. 
Whether self-sterility and its correlative 
cross-fertility is to be taken as a criterion 
of sex is perhaps largely a matter of choke 
or of definition at present. Personally it 
seems to me to confuse rather than clear 
up the problems involved to use the word 
sex in this connection where the phe- 
nomenon is rather one of union of gametes 
or their failure to unite — due possibly to 
self-sterility factors—than one of sex as 
commonly understood. 

The question may be seriously asked 
whether it may not be simpler and less 
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likclf to lead to confusion to call the 
factors involved in the union of the 
mycelia of Cofrinus and of the swarm- 
spores of Ectocarps, self-sterility factors 
rather than sex-factors. The recent bril- 
liant results of East in his studies on 
self-sterility in tobacco have for the 
first time put the oft-studied problem of 
cross- and self-fertility in flowering plants 
on a well tested genetic basis. These 
phenomena in the flowering plants have 
many resemblances to the union of the 
gametes in Coprinus and Ectocarpus and 
while the modus operands of the process 
may not be identical in all cases there is 
much to suggest that the genetic and 
physiological backgrounds may be essen- 
tially alike. 

In the brief paper of East and Mangels- 
dorf is given a summary of work ex- 
tending over several years dealing with 
the inheritance of self-sterility in crosses 
between two species of tobacco, viz. 
Nicotiana data and N. forgetiana. Only 
the most general conclusions can be given 
here. By special manipulation several 
sclfed, homozygous strains of self-sterile 
individuals were carried through twelve 
generations to obtain suitable material 
for testing the problem. As an example 
the results of one type of the resulting 
families may be given. Three kinds of 
individuals a, b and c were found. Each 
individual of any one of these kinds is 
sterile with any other individual of the 
same class and fertile with each indi- 
vidual of the other two kinds; but the 
progeny resulting from reciprocal crosses 
is different. Thus, a $ by c cf gives b 
and c individuals only, while c 9 by a 
cf gives only a and b individuals. Two 
classes always appear in equal numbers, 
but the class of the mother is never repre- 
sented in the offspring. The explanation 
is as follows. If three allelomorphic 
genes arc present in such a family Si S2 S3 


and if class a = Si S3; class b Si S2; class 
c S2 S3 and if the pistil of a plant affords 
the stimulus for the growth of the pollen 
which bears sterility factors other than 
its own, the results find a consistent ex- 
planation. For instance, plant c (S2 S3) 
affords a sufficient stimulus only to pollen 
carrying factors other than S2 S3. Only 
pollen bearing the factor Si can penetrate 
the style and fertilize the eggs. The 
progeny will be Si S2 (class b) and Si S3 
(class a) in equal numbers. Recipro- 
cally, a 9 (Si S3) by c ci’ (S2 S3) permits 
the S2 pollen alone to penetrate to the eggs 
giving Si S2 (b) and S2 S3 (c). This result 
which is typical of all the others, ex- 
plains why the female combination is 
absent in the progeny, why the progeny 
of reciprocal crosses is different and why 
the progeny-coimts of two classes other 
than the female are equal regardless of 
which of the other two classes serves as 
the male parent. 

There are several ways of testing the 
validity of this hypothesis. The tests 
have been made and the hypothesis con- 
firmed. This convincing analysis, the 
result of carefully planned genetic ex- 
periments, is a contribution of the first 
rank to a problem that has baffled stu- 
dents of fertilization for seventy-five 
years and more. The solution is not only 
a keen genetic analysis of the case but 
gives an insight into the physiological 
reactions between the haploid pollen tube 
and the diploid tissue of the female. It 
has been shown by direct observation 
that the rate of growth of the pollen tube 
in the tissue of the female is consistent 
with the view that a differential rate of 
growth is actually present. The nature 
of the relation is not known at present 
but may reasonably be assumed to be 
chemical in nature. It is possible that 
the same or a similar chemical reaction 
with its genetic basis may account for the 
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self-sterility observed in the union of 
genetically unlike mycelia of lower forms. 
If this can be established the genetic 
problem has to deal primarily with self- 
sterility factors that are probably Men- 
delian genes. It may seem of doubtful 
value to identify these factors with 
sex factors which conventionally at least 
apply rather to somatic differences in 
dioecious types or to those with separate 
sexes. It is true that amongst these 
differences are those concerned with 
producing eggs and sperm whose main 
function is to unite with each other, but, 
as generally understood, these functions 
are less conspicuous than those appertain- 
ing to the bodily constitution of male 
and female individuals. 

GENES IN THE Y-CHROMOSOME 

Earlier work on the sex-cells of those 
insects that have an unequal pair of sex- 
chromosomes in the male had shown that 
the smaller member (Y) of the pair is 
confined to the male line. In different 
species all degrees of inequality between 
X and Y were soon discovered, and in a 
few cases no Y at all was found, leaving 
the X as an unpaired chromosome in the 
male. Since in the last case it was ob- 
vious that a Y-chromosome is unneces- 
sary for the production of a normal 
male, the variation in size of the Y in 
different species gave the impression that 
the Y-chromosome had less significance 
in sex determination than the X-chromo- 
some, and might even be lost without 
any change in the mechanism. The fe- 
male would thus be due to the presence 
‘of two X’s and the male to the presence of 
one X-chromosome. 

This implication resting on cytological 
findings seemed to be confirmed by the 
discovery that the Y-chromosome of 
Drosophila melanogasUr does not carry a 
set of genes comparable to those found in 


the other chromosomes, or more accur- 
ately stated, the inheritance of characters 
whose genes are carried by the X-chromo- 
somes may be treated as though the Y- 
chromosome carries no genes that are 
dominant to them; in other words, that 
the Y-chromosome may generally be ig- 
nored or treated as though it were 
“empty.*’ Taken literally the last state- 
ment seemed absurd and has furnished 
some of the critics of the chromosome 
mechanism with material for ridicule. 
These critics have generally overlooked 
the fact that the above statements about 
the Y-chromosome are no more than a 
conclusion from genetic evidence which 
they would scarcely dispute. They over- 
looked also the fact that the workers in 
Drosophila have been careful to state, 
more than once, that their results do not 
show the Y-chromosome to be empty 
except in the sense that it [contains no 
genes that have as yet been found to 
behave as dominants to recessive genes 
of the X-chromosome. Moreover, it is 
sometimes forgotten that a male Droso- 
phila without a Y-chromosome is sterile 
although in all other respects his char- 
acters are normal. It has further been 
shown that the presence of a Y or even two 
Y’s in the female (which is occasionally 
brought about by its transfer from the 
male line) does not affect the female char- 
acters in any visible degree. Its presence 
causes irregularities in the distribution 
of the sex-chromosome at the maturation 
division, in the same way as does an 
unpaired chromosome of any other pair, 
but this concerns rather the mechanism 
of reduction, and does not relate to the 
genic composition of the Y-chromosome 
itself. Until evidence is brought for- 
ward that the Y-chromosome of D. 
melanogaster carries genes that must be 
reckoned with in the study of inheritance, 
the facts enumerated above may stand. 
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Some recent discoveries, furnishing 
genetic evidence that the Y-chromosome 
in other animals carries genes comparable 
to the genes in other chromosomes and 
that the genes cross over with those in 
the X, have been hailed with delight by 
the opponents of the chromosome theory 
as evidence that the conclusions concern- 
ing the Y-chromosome in Drosophila are 

Females 

X 


that no crossing-over takes place between 
these parts. The following diagram (fig. 
14) will serve to illustrate how this 
mechanism gives the same kind of result, 
so far as sex is concerned, as does the oc- 
currence of independent sex-chromosomes. 
There is involved, however, another 
set of problems relating to sex-Hnked 
inheritance. 

Males 

X 



Fig. 14. Diagram op Sex-chromosomes, X (Black) and Y (Cross-lined) United to Autosombs 

If there is no crossing over between the X- and the Q-component in the male, the Y-chromosome remains 
in the male line. 


in some way compromised. There is, 
however, a probable solution that in- 
volves a familiar cytological conclusion, 
namely, that the sex-chromosomes may be 
a part of, or have become attached to, a 
pair of autosomes. This means no more 
than that one part only of the “sex- 
chromosomes'’ has the function of an X-or 
Y-chromosome, which means again that 
the Y-part is different from the X-part, and 


If no crossing-over takes place between 
X- and Y-components, but may take 
place between the autosomal parts of this 
pair, the inheritance of characters whose 
genes are carried in the autosomal parts 
will be expected to show partial linkage 
to sex and to the characters whose genes 
lie in the X-component. It is not neces- 
sary to point out here the details of this 
sort of inheritance, but it may be stated 
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that it will be consistent with the facts confirmed by Wlngc, that when the male 
so far reported for cases where the “Y** of one race is bred to a female of another 
is said to carry genes that interchange race the sons are colored like the father, 
with those of the “X.” A few facts If these hybrids are inbred, the sons are 
recently obtained may be cited. again like the father, i.c., they have not 



Fig. 15. Four Types of the Beetle, Phytodecta Variabilis, Namely, i, db lin-eas; i, amarillo; 

3, ROJO; 4, NEGRO 

(After Zulucta) 

In the aquarium fish, LshisUs nticu- inherited any color through the mother. 
latus, the females of different races arc The same relation appears in later genera- 
closely similar in coloration while the dons and in all combinations tested. A 
males are differently marked. It was similar type of inheritance was inde-. 
shown first by Schmidt (132.0) and later pendently discovered by Aida in another 
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fish, AploMlm, inhabiting the paddy fields 
of Japan. The results are explicable on the 
view that the genes for the different kinds 
of colors are carried both by the X- and 
by the Y-chromosome. 

A further fact of importance was re- 
ported by Winge and by Aida. There 
may take place an interchange between 
the “X” and the “Y” in the male, 
or at least certain results can only be 
explained on the assumption that occa- 
sionally such an interchange takes place. 
As stated above this result also can be 
brought into line with the sex-chromo- 
some formula, provided the interchange 


The experiments show that type de 
lineas (L) is recessive to any of the 
others, that amarillo (A) is in turn 
recessive to the other two, that rojo (R) 
is recessive to negro (N). The order of 
dominance is L<A<R<N. Treating 
these as allelomorphic, only two of the 
same kind, or one only of each of two 
kinds can be present in the same indi- 
vidual at the same time. A further fact 
also emerges, namely, that the genetic re- 
sults can be explained only on the assump- 
tion that the chromosomes that carry these 
genes are the sex-chromosomes. This 
means that any one of the genes may be 



Fia. i6. Pbdigilee o? a Cross Between] Types, rojo, Female (see Fig. 15), Heterozygous for de lineas and 
Type rojo, Male, Heterozygous for amarillo 

The Y-chromosome is here represented as carrying a gene for rojo, and the X-chromosome as carrying the 
allelomorphic gene. (After Zulueta.) 


takes place only between the autosomal 
components of the chromosomes in ques- 
tion. 

A remarkable case of transmission 
through the “Y'" has recently been de- 
scribed by Zulueta for a Spanish beetle, 
Phyfodecta variabilis. As shown in figure 
15 there are four distinct color types of 
these beetles that are called by Zulueta 
(i) de lineas, or striped, (a) amarillo, or 
yellow, (3) rojo, or red, and (4) negro, 
or black. Crossing experiments with 
these types show that any one of them 
behaves towards any other one as an 
allelomorph. In other words, the genetic 
results can be treated as a case of multi- 
ple allelomorphism. 


present in the X’s, and any one in the Y of 
the male line. The sex formula is XX-XY. 

The experiment illustrated in the 
diagram (fig. 16) gives the results of a 
cross in which a female rojo, heterozygous 
for de lineas (Xl Xr) is mated to a male 
rojo heterozygous for amarillo (Xa Yr). 
The offspring (Fi) are of two kinds, and 
this is consistent with the formula em- 
ployed. Certain of the Fi’s were mated 
to each other to give an F2 generation. 
Here three types appear which again are 
expected. Other matings give the same 
kinds of results, all of which can be inter- 
preted as above, on the assumption that 
the Y-chromosome may carry any one of 
the four genes. 
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If these genes are in the sex-components 
which, ex hypthesi, do not interchange, 
the question arises as to how the same 
kinds of allelomorphs may be present in 
the X- as well as in the Y-component. 
One answer would be that they have arisen 
from the same kind of original gene as 
independent mutations, sometimes in the 
X-component, sometimes in the Y-com- 
ponent. There are, in fact, some curious 
facts relating to the distribution of the 
males in different districts, — facts that 
are perhaps consistent with the above 
assumption of independent mutation in 
X and Y. In some districts certain 
mutant types of males are absent while in 
other districts these types are abundant. 
This is consistent with the assumption 
of independent mutation in the two 
chromosomes, but another explanation 


will do as well. Suppose, for instance, 
that the genes for the four color markings 
are not present in the X- and Y-com- 
ponents but in the autosomal components 
and that they are allelomorphs. The 
results will then be explicable on the 
assumption that there is either no cross- 
ing-over in the male or that it is so in- 
frequent as not to have arisen in Zulueta’s 
experiments. If, however, it should take 
place on rare occasions in the male 
between the autosomal components, the 
facts relating to the distribution of the 
different kinds of males may be accounted 
for. Hence on either view, that of in- 
dependent mutation in the sex-chromo- 
somes, or that of rare crossing-over 
in the male in the autosomal com- 
ponent, the facts as far as known can be 
explained. 
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THE ANTIQUITY AND DISPERSAL OF VASCULAR 

PLANTS 

By M. L. FERNALD 
Gray Herbarium, Harvard University 


AGE AND AREA 

A DECADE ago ( 79 , p. 315), 
after compiling and studying 
statistics covering the endemic 
^vascular plants of Ceylon, 
Dr. J. C. Willis put forward his “law’* 
of Age and Area; and a year later he had 
so far progressed in his studies as to state 
that '‘The law which appears to me to 
govern the distribution of species may be 
thus tentatively expressed: ‘the area occu- 
pied by any given species (taken in 
groups of twenty or so) at any given 
time in any given country in which there 
occur no well-marked barriers depends 
upon the age of that species in that 
country’” ( 81 , p. 438). Extending his 
statistical studies to the Angiosperms 
and sometimes to the Pteridophytes of 
New Zealand, Brazil and other areas, 
including oceanic islands and the British 
Isles, Willis continued to amass a body 
of summaries and generalizations and to 
enunciate corollaries at a rate quite daz- 
zling to others. 

The original proposition, reduced to 
its simplest terms, might well be stated: 
given a static world the longer a plant 
(or animal) lives the more opportunity it 
will have to spread; consequently, the 
older a species the wider its range. But 
at once Willis was challenged by close 
students of various floras, who pointed 
out that, although the primary “law” 
(which Willis later more modestly re- 
ferred to as his “hvoothesis” and sub- 


sequently ( 91 , p. 146) as “simply a 
corollary”) is axiomatic, the world, as 
a matter of fact, has been anything 'but 
static and that the present ranges of 
plants and animals are due to such a com- 
plex of historic and edaphic factors that 
their ages cannot safely be deduced by 
studying simply the extent of their present 
distribution. Many other objections 
were brought forward by students of 
floras or faunas, chiefly of England, 
India, South Africa and North America; 
while by the mutationists Willis was 
vigorously applauded. 

So long as the discussions were confined 
to a few journals, and principally to 
Annals of Botany, they were seen by only 
a limited number of students, but in 1911 
Dr. Willis drew together in modified form 
his chief arguments, and had them supple- 
mented by chapters contributed by some 
of his supporters, in a handy volume 
( 91 ) now familiar or readily accessible 
to ail. During the discussions which 
had followed the publication by Willis 
of his many deductions his definition of 
Age and Area greatly altered, a change 
clearly brought out in the statement by 
Gleason: 

Origirially it was, in essence at least, "The area 
of a species depends on its age;" but now, since one 
exception after another has been added, it reads: 

“The area occupied at any given time, in any 
given country, by any group of allied species at least 
ten in number, depends chiefly, so long as conditions 
remain reasonably constant, upon the ages of the 
species of that group in that country, but may be 
enormously modified by the presence of barriers such 
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as seas, rivers, mountains, changes of climate from 
one region to the next, or other ecological boundar- 
ies, and the like, also by the action of man, and by 
other causes.*’ 

One can count in this expression of the theorem 
no less than nine distinct exceptions definitely stated, 
relating conditions under which the age-and-area 
principle may not hold. Then, to guard against 
other criticisms which may arise in the future and 
which Willis was unable to foresee, he has added the 
blanket exception “other causes.” Lastly, to make 
his theorem still more nearly impregnable, he has 
forbidden us to argue against it by citing individual 
exceptions. In other words, the area of a species 
depends on its age when it does depend on it, and 
cases in which it does not must not be mentioned 
( 39 , p. 541). 

Very frankly, I had supposed that 
Willis, by piling up so many exceptions 
.in his definition and by shifting at will 
the magic number of test-cases which one 
must use, sometimes twenty, sometimes 
fifteen, sometimes ten, had proved Age 
and Area a dead issue; and I thought that 
such students as Bateson (4), Berry (5, 7), 
Calvert (13), Regan (62), Ridley (65, 66), 
Schonland (69), Seward (70), and Sin- 
nott (71, 72 , 73), had seen it officially 
buried. But the facts, that in 19 x 3 I 
was urged to take part in a symposium 
upon the subject and that I am now again 
invited to act as medical examiner and 
coroner, indicate that to those who are 
not specially in touch with the problems of 
classification and distribution the hy- 
pothesis seems still alive and to make a 
strong appeal. This is quite natural, 
for we all take an interest in the larger 
generalizations in biology and Age and 
Area is a large generalization. I must, 
however, make it quite clear that, in a 
limited discussion I necessarily confine 
myself chiefiy to the few aspects of the 
question with which I am most familiar 
and, since Willis, himself, enumerates 
and discusses many of the objections 
which have been raised and since they 
have been clearly discussed by the scores 


of careful thinkers referred to in my bib- 
liography, I must refrain from entering 
at this time into many of these matters. 

In some instances I do not understand 
what Willis means, but I take comfort 
in the fact that I am not alone. He 
repeatedly complains that others do not 
have “a proper understanding of Age 
and Area, and of the provisos with which 
it is hedged around” (91, p. 84 ); Lloy^d 
Praeger, than v^hom there are few if any 
keener students of plant geography in 
Great Britain and Ireland, says: "to 
be candid, I find it difficult to follow and 

doubt if I understand it fully 

Recently .... I had the advantage of 
discussing the theory with its author; 
but .... I failed to obtain a clearer 
understanding. Like the Persian philos- 
opher, I came out by the same door as in 
I went” (61, p. Hi). Bateson charac- 
terized the book, Age and Area, as “very 
difficult reading” (4, p. 43 ) and Berry 
speaks of Willis’s ideas as "embalmed 
in a very complicated style” (7, p. 547 ). 

The introductory chapters are on the 
whole really fine and, as Bateson said, 
clearly demonstrate that Willis actually 
knows that the world is not static. 
Praeger, too, finds these chapters sane 
and sound, forming an excellent modern 
introduction to a general study of phyto- 
geography. But one must wonder at 
many of the illustrations used and some of 
the statements of fact. Willis claims not 
to believe in adaptations and in his argu- 
ments that they are rarely found in 
fruits he is very catholic, for he includes 
among the "genera with little or no 
mechanism for dispersal” (91, p. ii) the 
tick trefoils (Desmodium or Meibomid), 
the fruits of which are unwillingly trans- 
ported by every passing animal. And, 
in arguing that the largest families of 
plants (excepting Compositae and Orchida- 
ceae) "arc not remarkable for the posses- 
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sioG of extra good methods of dispersal' ’ 
( 91 , p. ii), he enumerates among the 
examples Milkweeds, Asckpiadaceae 
(which are characterized hy having thin 
and flat seeds with a long coma), the 
Heaths, Ericaceae (many with berries or 
with fine seeds suggesting those of or- 
chids), Grasses (which he elsewhere 
admits “to some degree suited to wind 
dispersal”), the Rosaceae (many with 
fleshy fruits, fine seeds or plumose or 
bristly fruits), the Coniferae (mostly with 
winged seeds) and the Figworts, Scro- 
phulariaceae (chiefly with fine or thin 
seeds). If these and many others enum- 
erated by Willis appeal to him as lack- 
ing adaptations for dispersal, it would 
seem that he sees adaptations only in 
bizarre modifications. 

RATE OP MIGRATION OP PLANTS 

In these introductory chapters Willis 
makes much of the well known slow 
rate of migration of most plants and 
rightly contends, what any ecologist or 
other student of vegetation in the mass 
will approve, that in studying distribu- 
tion whole associations must be taken 
into account, since the different species 
move together and are so closely inter- 
related that an outsider would find it 
difficult to gain a foothold within the 
association. As plants with power of 
specially rapid spread he cites (following 
Ridley) those with light powder-like 
seeds or spores as most rapidly spread, 
those with plumed seeds (dandelion, 
etc.) next and those with winged seeds 
(ash, maple, pine, etc.) “the slowest” 
of those with special mechanisms for dis- 
persal; while plants with seeds like those 
of bur-reeds (^Sparganium), Iris, Corydalis, 
peas (Lathyrus, etc.), touch-me-not (Im- 
patiens'), violets (Viola') and buckbean 
(Menyanthes), solid, rounded and heavy, 
without plumes or wings, would pre- 


sumably be classed as completely handi- 
capped. He cites the Dipterocarps, “tall 
trees with .... fruit, upon which 
.... grow large wings,” as fairly 
rapid travelers, but even in these “a 
little calculation will show that in the 
most favorable circumstances conceiva- 
ble, with the ground clear of other vege- 
tation, it would take about 60,000 years 
to migrate 100 miles. Dipterocarpus 
grandiflorus .... ranges from the Ma- 
lay Peninsula to the Philippines, and 
Ridley estimates that at least million 
years would be needed to traverse this 
distance” (given continuous land, of 
course). The distance from the Malay 
Peninsula to the Philippines is 1000 miles. 
If specially favored plants with an ab- 
solutely clear field would require i| 
million years to cover this distance, what 
shall we say of the vast Canadian and 
Hudsonian flora of cool-temperate North 
America? 

This great group of plants of all 
habitats (coniferous or mixed forest, bog, 
cliff, rock-barren, sand-hill, stream, lake, 
meadow, etc.) must, we agree with 
Willis, be considered as moving in toto, 
not as individual species. Yet this great 
body of plants, occupying about one- 
fourth of the area of North America, 
could not invade the Canadian and 
Hudsonian country from the South until 
the receding from it of the last Pleistocene 
ice. In other words, the plants had be- 
fore them the absolutely clear field re- 
quired for the hypothetical migration of 
the wind-dispersed Dipterocarp, which, 
according to Willis, would require i| 
million years to cover 1000 miles. Very' 
conservatively, geologists set 2.5,000 
years ago as the time when the southern 
edge of the Wisconsin ice began to recede 
and, of course, a later date when it left 
the North, very much later since “The 
time occupied by the recession from 
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Hartford [Connecticut] to St. Johnsbury Iris (L vmicohr\ Pale Cotydalis (C. 
[Vermont, a distance of 190 miles] was sempmreni), vetchlings (Lathyms falus- 
about 4100 years” (2, p. 74). Yet, as rrij, ochrokucus, etc.), touch-me-nots (Im~ 
clearly shown in the excellent little maps fattens pallida and hifioraX violets (Viola 
published by Hough ( 48 ), the trees of the palUns, etc.), buckbean (Menyanthes tri- 
Canadian forest have occupied an area joliata) and the thousands of other 
varying in length (east to west) from species, both vascular and cellular, which 
3800 (practically 4000) miles (White make up the aggregate flora. of the Cana- 
Spruce, Picea canadensis — map i, Balsam dian Zone. Obviously, this great Cana- 
Poplar, Populus halsamifera. Canoe Birch, dian flora covering a region, one-fourth 
Betula papyrifera, etc.) to a general mini- of North America, which was available 
mum of xooo miles (Red Pine, Pinus to plants only within thousands, rather 



Map I. Range oe White Spruc3, Picea canadensis, after Hough ( 48 ) 


rssinosa, White Cedar, Thuja occidentalism than millions, of years, has not taken 
American Mountain Ash, Sorhus ameri- four times i| millions of years (as Willis’s 
cana^ Mountain Maple, Acer spicatunim estimate for a wind-dispersed tree would 
etc.). North and south, within the area require) to become a series of associa- 
of the latest glaciation, the belt is 500 tions in tolerable equilibrium, 
to laoo miles across. And, occupying The Canadian flora is also a direct 
the same extremely youthful area with refutation of Willis’s assertion that “The 
the trees, which have winged fruits, hypothesis of youth (within the 
plumose seeds, fleshy fruits or nuts, we country) and area can only be accepted 
find bur-reeds (Sparganium angustifolium, if one be prepared to accept with it the 
fluctuans, etc.), pondweeds (Potamogeton numerous absurdities to which it leads. 
epihydrusm angustifoliuMm Richardsoni, etc.). It is very far-fetched, with no facts to 
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rest upon” ( 82 , p. 198). The Canadian 
flora in a few thousand years has com- 
pletely occupied an area of i to 4I million 
square miles. This is not an absurdity 
nor even a hypothesis but a very plain 
fact; yet it involves plenty of “youth 
(within the country) and area” as well. 
If this simple case seems “far-fetched with 
no facts to rest upon” I can supply a 
dozen other cases, taken from the floras of 
Europe or other regions. 

IMAGINARY DATA 

It is quite clear, then, that many of the 
concepts with which Willis works are 
imaginary. Other botanists and zo- 
ologists, likewise, have found them so. 
Thus, Schonland finds that “Willis is 
fighting imaginary foes” (68, p. 454), 
and that in South Africa, as elsewhere, 
“In many cases the relation of 'Age and 
Area’ can be surmised' ' (68, p. 461) with- 
out the intervention of a mathematical 
formula. And Holmes ( 46 , p. 79) points 
out that Willis requires a world in process 
of being stocked with new species and not 
one in which old ones pass out as new 
ones come in, saying: “It is absurd to 
suppose that species .... can expand 
and expand according to Age and Area 
without causing some unfortunate species 
of the region to retire”; and concluding: 
“When we attempt to make what Pro- 
fessor Tyndall calls the scientific use of 
the imagination in order to see where Dr. 
Willis’s theory of species forming takes 
us, we find that we are led to a reductio 
ad absurdumY 

Ridley regrets “that Dr. Willis seems 
to base so many of his arguments on state- 
ments made in books rather than on 
observations made in the field” ( 65 , 
p. 5 67) and he gives numerous instances of 
erroneous deductions made from the data 
thus derived. He also emphasizes the 
fact that Willis’s deductions regarding 


the plants of Ceylon were based upon 
the representation of specimens in the 
Ceylon herbarium and had little to do 
with their actual rarity or abundance on 
the island. Both these objections are of 
far greater importance than the student 
who approaches the question from a 
purely theoretical standpoint is likely to 
realize. With only a few systematists 
working in a region the tendency, 
naturally, is to collect and preserve for 
study the interesting and rare rather than 
the commonplace species, and it is an 
oft-repeated truism that an herbarium or 
a museum is a collection of the excep- 
tional rather than the ordinary forms. 
Any large collection illustrates this point. 
The Curly Grass (Schi^aea fusilld) makes 
a dramatic appeal to a botanist of the 
northern hemisphere because it is the 
only species north of the Tropics of a 
prevailingly austral and ancient group; 
but the Cinnamon Fern (Osmunda cin- 
namomea) stirs no enthusiasm in the col- 
lector in eastern America. Consequently, 
we find in the Gray Herbarium 15 collec- 
tions from Nova Scotia of the Schizaea 
from an area in the province 3x0 miles 
long, while the Osmunda is represented 
by only 6 collections from a much smaller 
area. By the method used by Willis 
the former would be called “common” or 
“very common,” the latter “rare,” but 
every child through the length of Nova 
Scotia knows the Osmunda, and it is safe 
to state that the only Nova Scotians who 
have ever seen Schizaea growing are those 
to whom Messrs. Nichols, Long or I 
have shown the plant. To be sure, Wil- 
lis emphasizes that “my figures .... 
refer to area occupied, not to common- 
ness on the ground” ( 82 , p. 191), to 
which statement Bateson pertinendy 
replied that “the area ‘occupied’ by a 
species has immediately to be explained 
as meaning the area over which the 
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species extends' ' (4, p. 39 ); but even allow- 
ing, for the moment, that the “area over 
which the species extends” and not the 
“commonness” is of most importance, it 
must be obvious that the working out of 
“area’ ’ merely by the abundant representa- 
tion of rarities in herbaria and the scant 
representation of the common species 
leads to the recognition of the “very 
rare” as common^ the “very common” as 
rare. Surely the wholesale piling up of 
such errors must vitiate the result. 

IMAGINARY SUPPORT 

Willis seems to see in any one who 
mentions age, time, space or range in 
connection with plants or animals a 
supporter of Age and Area. Thus he 
attempts to show that two of the greatest 
men of the last century. Sir Charles 
Lyell and Sir Joseph Hooker, had really 
“discovered” Age and Area, simply be- 
cause Lyell stated, and Hooker sub- 
scribed to the statement, that: 

As a general rule, .... species common to 
many distant provinces, or those now found to in- 
habit very distant parts of the globe, are to be re- 
garded as the most ancient. Numerically speaking, 
they may not perhaps be largely represented, but 
their wide diffusion shows that they have had a 
long time to spread themselves, and have been able 
to survive many important revolutions in physical 
geography ( 54 , p. 701). 

LyelFs statement is comon sense, but 
it is certainly far from Age and Area with 
all its implications; and when Hooker 
specifically said in the passage quoted by 
Willis, “we may not reverse the position, 
and assume local species to be among the 
most recenty created” (47, p. xxv), he 
squarely opposed the teachings of Age 
and Area that local species are the 
youngest. Lyell and Hooker did not 
have an opportunity personally to dis- 
claim sponsorship for Willis’s views, but 
Tate Regan, the great authority on 


hshes, did. At the meeting of the 
British Association at Hull in 1311 there 
was a general discussion of T/je Present 
Position of Darwinism, During the dis- 
cussion Mr. Regan said: 

Dr. Willis has shown on the screen a passage 
from my book on British Fresh Water Fishes, in 
which I state that dispersal takes time and proceeds 
at varying rates according to circumstances. From 
this he claims me as a supporter of the “age and 
area” hypothesis After careful considera- 

tion of the “age and area” hypothesis, I have reached 
the conclusion chat it has no value ( 62 , p. 164). 

What could be more flat-footed than 
that? 

UNVERIIIED IDENTITIES 

Many accurate systematic botanists 
besides Ridley have pointed out that, in 
depending upon what he finds in books, 
instead of having a personal knowledge 
of the plants, Willis often falls into error, 
especially since he so often fails to check 
the identities with the best recent studies; 
and such an experienced student of the 
echinoderms as Clark, pointing out that 
the term genus is very inexact and that 
in comparing “genera” Willis often com- 
pares mixed elements, says: “I can juggle 
the genera of echinoderms .... so as 
to lend apparent support to the Age and 
Area hypothesis, or I can redefine them 
so as to contradict it strongly, and in 
either case I can quote high authorities 
or give excellent reasons for my course” 
(17). One other instance of the need of 
accurate identification and correlation of 
groups before making sweeping deduc- 
tions may be noted. In the passage 
quoted by Willis (91, p. 4 ) to indicate 
that Hooker was an early “discoverer” 
of Age and Area, Hooker said: 

If this be true, it follows that consistently with 
the theory of the antiquity of the alpine flora of 
New Zealand, we should find amongst the plants 
common to New Zealand and the Antarctic Islands 
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some of tiie most cosmopolitan, and we do so in 
Monfta fontana, CalUtrkh verna, Cardamine hirsuta, 
E-pilahium tetragonum and many others. 

Now everyone knows that Hooker 
drew his species with very broad limits 
and in 1853 he was more conservative 
as to specific lines than in his more ex- 
perienced years; and, now, three-fourths 
of a century since the original statement, 
all critical systematists know that not 
one of the species mentioned by Hooker 
occurs in New Zealand nor (except per- 
haps the Callitriche in South America) 
in the southern hemisphere; yet I can 
find no indication by Willis that the 
determinations arc open to question. 
Montia fontana (M. minor Gmel.) is 
characterized by having dull or opaque, 
plump back seeds conspicuously and 
closely covered with acutish to blunt 
tubercles and it is known only from 
Eurasia and western North America (see 
34 , p. 138, and t. 84); the plant of New 
Zealand, as any one can quickly see by 
examining New Zealand specimens, has 
much larger lenticular seeds which are 
highly lustrous and with flattened or 
obsolete tubercles. Its identity I do not 
know. Cardamine hirsuta is an annual 
of the northern hemisphere (chiefly Eura- 
sia), the New Zealand plants which 
Hooker identified with it being three 
perennials with strikingly different habits, 
flowers, seeds, etc.; and so on with the 
Callitriche and the Epilobium. The New 
Zealand plants arc Montia sp.; Cardamine 
corymbosa Hook. f. (Sir Joseph), endemic 
to New Zealand and Campbell I., C. 
^lacialis (Forster) EC., of the antarctic 
and subantarctic regions, and C. hetero- 
fhylla (Forster) O, E. Schulz (C. debilis 
Banks), of New Zealand and Chatham L 
(sec O. E. Schulz, Mon. Gatt. Card.); 
Callitriche antarctica Engclm. of the ant- 
arctic area and C. MuelUri Sond. of 
Australia, New Zealand and neighboring 


islands; and Epilobium BUlardierianum Set. 
of Australia, Tasmania, and the New 
Zealand region (see Haussknecht, Mon. 
Gatt. Epil.). In his Flora of Stewart 
Island (New Zealand'): A Study of Taxo- 
nomic Distribution (86), Willis naively 
lists many other pseudo-cosmopolitan 
species. The New Zealand plant is as- 
suredly not Elatine americana (see Fernald 
Rhodora, xix, 11) but is presumably 
E, gratioloides A. Cunn.; the Hydrocotyk 
americana' of New Zealand is the en- 
demic H. heteromeria A. Rich.; the Crant^ia 
^Tineata" of New Zealand is utterly 
unlike the true Crant^a or Lilaeopsis 
lineata, which occurs strictly on the 
Atlantic coast of North America (see 
Fernald, Rhodora, xxvi, 93); the New 
Zealand representatives of the Eurasian 
Lunula campestris are the endemic I. 
Banksiana E. Meyer, L. australasica Steud. 
and others endemic to the Australasian 
region (see Buchenau in Engler, Pflanzenr. 
iv 36 , 90-93); the plant of New Zealand 
which has long passed as Potamogeton 
polygonifolius is the endemic P. suhoh- 
longus Hagstrom (Grit. Researches on 
Pot. 182.); Festuca rubra probably does 
not occur in New Zealand (see Hackel, 
Mon. Fest. Eur. where the extra-Euro- 
pean range excludes the southern hemi- 
sphere); Eteris aquilina of New Zealand 
is certainly not the plant of Eurasia but, 
as everyone knows, is P. escuknta Forst. 
or, if you wish, P. aquilina, var. escuknta 
(Forst.) Hook.; and the New Zealand 
representative of Polystichum aculeatum 
is the wholly different P. vestitum (Forst.) 
Prcsl (Sec Christ, Ueher die australen 
Polystichum-Arten, Arkiv for Bot. iv, no.' 
iz). Other cases, like those of Spergu- 
laria media, Juncus effusus and Deschampsia 
cespitosa, groups with sharply defined 
geographic segregates, I have not at- 
tempted to check, but any critical sys- 
tematist will realize, without argument, 
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that the New Zealand plants will prove 
quite distinct from the European. With 
100 per cent of error in Willis’s identifica- 
tions of such plants of New Zealand as 
I happen to know something about, 
what hope can there be that all the other 
reputedly wide-ranging species would 
pass unchallenged a critical systematic 
inspection? In other words, to resume 
the original thread, not one of the four 
European species mentioned by Hooker 
(and after him by Willis) occur in New 
Zealand, but they are there represented 
by species endemic to New Zealand or to 
the subantarctic region. If as “cos- 
mopolitan” species they demonstrated 
by their broad ranges in New Zealand 
the truth of Age and Area, do they now 
as endemic or near-endemics suddenly 
restrict their ranges in New Zealand? 
In almost the same paragraph Willis says: 
“I must consider myself very fortunate 
in having finally discovered that the 
effects of age were sufficiently clear to be 
arithmetically expressed” ( 91 , p. 6). 
As an illustration of mathematics applied 
to problems of plant distribution, the 
occurrence of “cosmopolitan” species in 
New Zealand, involving an error of loo 
per cent, is unfortunate, 

INACCURATE GEOLOGICAL DATA 

Other features of Willis’s work which 
at once demonstrate that no reliance can 
be placed upon the precision of his method 
and consequently upon the soundness of 
his deductions are numerous. One case 
in particular is very pathetic or very 
ludicrous according to the degree of com- 
passion one may feel. Professor James 
Small contributes a chapter on Age and 
Area, and Si^e and Sface, in Compositae, 
in which he develops his ideas of the 
evolution of the group. Because of the 
great expansion of the genus Senecio in 
the northern Andean region he localizes 


the evolution of the Composites through 
that genus in the Andes in upper Creta- 
ceous time. But, as Berry remarks, the 
fact that Small “by age-and-area methods, 
finds that the great alliance of the Com- 
positae originated in the mountains of 
northwestern South America at a time 
when there were neither mountains nor 
even land in that region, but seas, does 
not add to my confidence in the general 
method” ( 7 , p. 547); and Bateson po- 
litely said: “The inclusion of the chapter 
on the Composites reflects more credit on 
Dr. Willis’s candor than on his scientific 
judgment” ( 4 , p. 41). The fact is, that 
the great elevation of the Andes, where 
Senecio now has its phenomenal develop- 
ment, did not occur until the Pliocene 
and early Pleistocene ( 69 , p. 913; 6, p. 
8); and, although Willis finds Small’s 
work a “remarkable verification” ( 91 , 
p. 1 1 6) of Age and Area, opponents might 
be tempted to point out that, since it is 
based on a colossal error, it is naturally 
a verification of Age and Error! 

WILLIS’S COLLABORATORS 

A chapter is contributed by de Vries, 
who finds Willis’s work “the one great 
proof, which the mutation theory still 
wanted for its acceptance in the field of 
systematic zoology and botany” ( 91 , 
p. Liy). Nevertheless, I have seen no 
indication of the systematic zoologists 
and botanisis swinging in a body to the 
mutation theory! Guppy has a short 
chapter in which he discusses the Posi- 
tion of the Age and Area Theory; and Mrs. 
Clement Reid, although admitting that 
“the evidence of universal extinction of 
species furnished by the pages of palaeo- 
botany is incontrovertible” ( 91 , p. 143) 
and that “more species found in the 
older deposits are extinct, than in the 
newer” ( 91 , p. 144), stands almost if 
not quite unique among paleontologists 
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in conferring her benediction on Willis’s 
views. 

PHEBICTIONS BY AGE AND AREA 

As to the reiterated insistence by Willis 
that all his provisos must be kept in mind, 
but that in spite of their negating ten- 
dency Age and Area is a hypothesis by 
which one may discover new facts, and 
that all predictions made by it have proved 
to be correct, Bateson justly remarked: 
' ‘Repetition of the bald assurance that 
Age and Area is the true faith should be 
unnecessary. A judicious advocate would 
leave that conclusion to flow more quietly 
from the evidence .... the reader’s 
scepticism is thus instantly aroused” 
( 4 , p. 39). As to predictions made by 
others, Willis seems to take comfort in 
the two made in America: ‘‘Taylor has 
studied the endemics of New York and of 
the Bahama islands, obtaining results 
that harmonize quite well with the general 
theory of Age and Area” ( 91 , p. 64). 
Willis admits, however, that in case of 
the Bahamas “it was noticed that the 
difference usually seen between the dis- 
tribution of the endemics and the wides 
was not nearly so large as usual.” And 
as to the endemics of the region of New 
York, the facts are illuminating. Taylor 
( 75 ) recognized zz species as endemic to 
his area. But of these, i extends south 
to Florida, i to South Carolina, i to North 
Carolina, z to Virginia, i to Maryland, 
I beyond Taylor’s limits in Pennsylvania 
and I eastward to Rhode Island; z are 
apparently local hybrids and i (Salix 
s^uamata) was simply an aberrent individ- 
ual of the wide-spread S, discolor. These 
rejected “endemics” of the New York 
region are as follows: Calamovilfa hrevi-- 
piks (North Carolina acc. to Hitchcock, 
Gen. Grasses U. S. 115); J uncus caesarim- 
sis (Virginia, Grimes, Rhodora, xxiv, 
); Uvularia nitida (South Carolina, as 


the scarcely separable Oakesia puherula 
acc. to Robinson and Fernald, Gray Man. 
ed. 7, i86); Salix squamata (see Schneider, 
Journ. Arn. Arb. ii, 3); Dentaria incisi- 
folia and D, anomala, strongly suggesting 
hybrids, the latter thought by its author 
to “have had a hybrid origin” (Fames, 
Rhodora, v, aiy); Frmus alkgheniensis 
(see Taylor, Torreya, xvi, 18); Hibiscus 
oculiroseus (Rhode Island, Sanford, Rho- 
dora, xxvi, 88); Ludwigiantha brevipes 
(Virginia, Rugel, 1840, in Gray Herb.); 
Dmdrium huxifoUum (Florida acc.* to 
Small, FI. Se. U. S. ed. a, 8aa) and Smecio 
Crawfordii (Maryland, Standley, Rhodora, 
xxi, 1 1 7). That leaves, as endemic to the 
region within 100 miles of New York 
City, z freakish plants (Hypericum Bis- 
sella and Fyrola oxypetala') which were 
exterminated by their discoverers, 3 true 
endemics of the comparatively ancient 
Pine Barrens of New Jersey, and 6 local- 
ized species occurring at the border of the 
now submerged Cretaceous and Tertiary 
continental shelf, the latter region before 
completely going under the sea having 
left a relic-flora along the margin of the 
continent eastward to Nova Scotia and 
even to Newfoundland (see 28 , pp. 149-- 
i6i; 31 , p. 168; 50 , chap. viii). These 6 
endemics are quite possibly as ancient as 
those of the Pine Barrens. At any rate, 
like the endemics of the Bahamas, they 
are not in any way proof of Age and Area. 

I personally spent several weeks in a 
test of Age and Area, taking for my test 
two regions upon which I had worked 
during a quarter-century, Newfoundland 
and the Gaspe Peninsula. The resulting 
figures upon superficial examination “seem 
very reassuring to supporters of Age and 

Area But .... the actual 

facts are squarely opposed to Age and 
Area; for in both Gaspe and Newfound- 
land the most ancient flora of each region 
has the most limited range and also the 
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most limited ‘wide’ range, while the 
youngest flora to arrive in each area has 
two or three times the range both inside 
and outside these regions” ( 32 , p. 563). 
Calvert, likewise, has attempted to get 
satisfaction out of Willis’s method by 
applying it to the distribution of insects in 
various regions but finally concluded: 
‘‘I fail to find the key to the origin and 
evolution of species with the ease which 
Dr. Willis’s commendation of Age and 
Area would lead me to expect and which 
I would welcome if the key but turned 
in the lock” ( 13 , p. 119). 

So much for the general question; now 
for some of the correlaries and details. 

SIZE AND SPACE 

Seeking to catch the popular fancy, 
Willis hit on what he calls his “allitera- 
tive series.” The trick is an old one but 
it should not take the place of plain facts 
and sound reasoning. The ear is quickly 
caught by such pairs as Age and Area, 
Antiquity and Amplitude, Rank and 
Range, Size and Space and Size and Sur- 
face, and Willis specially selects “Age 
nd Area” and “Size and Space” Celias 
“Antiquity and Amplitude”) for im- 
mortalization. It is worth noting, how- 
ever, that he is somewhat confused in 
tracing the relationship of “Size and 
Space.” Sometimes he speaks of it as the 
child or “extension” ( 91 , p. 113) of “Age 
and Area,” at others he states that “Age 
and Area” and “Size and Space” are 
Irwins ( 91 , p. 107). Since Willis, himself, 
was the only witness of the birth of both 
of them, it is regrettable that in a question 
dealing with relative ages such contra- 
dictory evidence should have crept in. 
Willis’s statement of Size and Space is: 

Keeping to the same circle o£ affinity, the larger 
families and genera will be the older, and will there- 
fore occupy the most space. This, however, in- 
volves a break with the long current idea, that the 


larger families and genera are the successful ones, 
the smaller the (comparative) failures ( 91 , p. 113). 

Or in more concise form he says: “The 
larger a genus, the older will it be, 
within its own circle of affinity.** And, 
extending his ideas, he applies the same 
formula to groups of related species and 
to related families and always finds his 
own predictions successful. “Species and 
genera are endemic simply because they 
have not yet had time to spread abroad” 
( 91 , p. 183). “The supposition that en- 
demic genera are usually relics .... 
must be ruled out of consideration” 
( 91 , p. no). Species, according to Willis, 
originate in regular mathematical pro- 
gression, each genus or series throwing 
off a species at a regular interval, and 
the spread of the species is radial from 
the center of origin; and he believes that 
the facts of distribution can be expressed 
by a “hollow curve.” 

The hollow curve is apparently a universal prin- 
ciple of distribution, whether it be distribution in 
space — ^geographical distribution — or distribution in 
time — evolution. A species as it increases in age 
expands its area, while a genus increases its number 
of species, the younger occupying smaller and 
smaller areas, usually within the area of the first 
species, until that becomes very large ( 91 , p. 199). 

REFUTATION BY PALEONTOLOGY 

It is thus again obvious that Willis 
and his mathematical friends live in a 
theoretical world and that, although 
going through the form of admitting 
geological, ecological and climatic 
changes, they do not really comprehend 
how vast and all-controlling the actual 
historic and edaphic factors have been. 
Immediately they were confronted by the 
paleontologist, and such an unchallenged 
authority as Seward pointed out, that in 
the “confers and ferns, study showed that 
the forms existing now in restricted areas 
were the oldest and not the youngest” 
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( 70 ); and Berry said: “The statement 
that the dying out of species is a rare 
event is overwhelmingly opposed by all 
the facts of paleontology and by all the 
facts of history unless its adherents are 
prepared to accept the Mosaic cosmogony 
.... the probability is very great 
that the present flora of the globe repre- 
sents a minute fraction of the extinct 
floras .... in all the orders of plants 
that are prevailingly aborescent the geo- 
logic distribution where it is known is 
found to have been more extensive than 
the present distribution. .... So- 
called monotypic genera, whether plant 
or animal, at least in the majority of 
cases, are relicts of a once wider distribu- 
tion” ( 5 , p. 540). Somewhat later Berry 
amplified his statement by publishing con- 
vincing maps of past and present ranges 
of many genera (6, 7 ). Ridley, along the 
same lines, also pointed out, that the most 
extensively distributed flowering plant 
in the world today is the Reed, Phrag-^ 
mitts communis^ with a goo^ dispersal 
mechanism (plumed fruits) but unknown as 
a fossil earlier than the Pliocene; while 
the vast ancient group of Cycads is now 
reduced to about 80 species, each confined 
to i. very limited area. Similarly the 
Nipa Palm, which in the Eocene grew in 
Europe, Africa and North America, is 
today confined to shores of “the Indian 
Ocean from Ceylon and Bengal, down the 
Malay Peninsula to North Australia and 
the Caroline and Solomon Islands, not 
having got so far as the Mascarene Islands, 
peninsular India, or Polynesia, in spite of 
its abundance as a drift plant .... 
always to be seen drifting in Malayan 
seas. It ... . requires tidal mud 
.... but there must be tidal-mud 
rivers in Samoa, Africa and America” 
(66, p. 19). 

But to these and all other parallel cases 
brought forward from paleontology Wil- 


lis merely replied: “in dealing with them 
from an Age and Area point of view, one 
must include the ‘fossil’ area” ( 91 , p. 94). 

That, of course, is a quibble, as has re- 
peatedly been pointed out. Flow can we 
know the “fossil” area of the vast major- 
ity of plants, which, occurring today as 
obvious relics of former wide dispersal, 
must have had a fossil area? The woody 
“Veronicas” of New Zealand differ in 
every important detail from the essen - 
tially boreal herbaceous Veronicas and 
constitute the genus or subgenus Hek, 
which has characters more primitive than 
in true Veronica (see 59 , p. 1; 32 , p. 571). 
Hehe has most of its present species in New 
Zealand, with a few species in Australia 
and Tasmania, and four of the New 
Zealand species also on the Falkland 
Islands or in southern Chile. The present 
range of Hehe (map 1) is almost identical 
with the range of such genera as Hotho- 
jagus (map 3), whose ancestry is traced 
back to the Cretaceous (6, chap, xii), 
and very nearly that of Araucaria which 
extends much farther back; yet no fossils 
of Hebe are identified. The ranges of the 
Eriocaulaceae^ Xyridaceae (map 4) and the 
Halorrhageae coincide in their larger fea- 
tures with the present distribution of the 
Persimmon, Diospyros (map 5). “In that 
grand display of dicotyledonous genera 
which, during the mid-Cretaceous re- 
placed the old Mesozoic flora .... we 
find unmistakable evidence of the abun- 
dance and wide distribution of species of 
Diospyros” (6, p. 157), which covered 
the northern hemisphere quite to the 
Arctic. He would be a bold man who 
would say that, simply because they are 
herbs and consequently have left no fos- 
sils, Eriocaulon, Xyris and Halorrbagis are 
not quite as old as Diospyros; or, similarly 
that the herbaceous genera Symplocarpus, 
Podophyllum and Mitchella, sharing south- 
eastern continental North America and 




Map 1. Ranob op Hebb 







Map ^ . Prbsbni Range of Diospyro^, after Berry (6 and 7) ^ 
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southeastern continental Asia, arc not as 
old as their ligneous associates in the 
same areas, Liriodendron, Sassafras and 
Li^uidambar. These and many other lig- 
neous genera of the same ranges are well 
known as Mesozoic or early Cenozoic 
types. But what is the fossil range of 
their herbaceous associates? We can 
safely infer it but, after all, we can only 
infer it. 

AGES OE LARGE AND SMALL GENERA 

Willis’s idea, that the larger genera 
are the older, the smaller closely related 
genera the younger, gathers force only 
by his perpetual repetition of it. But 
those who have an intimate knowledge of 
the morphological and phylogenetic, as 
well as the geological evidence make 
exactly the opposite decision. The pale- 
ontological evidence is decisive; the 
evidence from living groups is quite as 
good. The very numerous genera which 
formed the Mesozoic and early Cenozoic 
flora, then extending around the northern 
hemisphere but now reduced to small 
remnants in eastern Asia or eastern North 
America or to limited areas on both con- 
tinents, have been repeatedly marshalled 
as evidence. After studying the ranges 
of the largest genera of dicotyledons of 
temperate North America in relation to 
Age and Area I summarized my conclu- 
sions as follows: 

Now, by* Willis’s interpretation these large 
genera are large because they are old, the small 
genera small because they arc young. Naturally 
there is no absoluts proof of this or of any other 
hypothetical proposition. But does not the whole 
matter leave the realm of hypothesis and enter the 
realm of demonstrable fact when we consider the 
geological history of the regions involved? It is 
generally conceded, I believe, that the most ancient 
living floras are now concentrated largely in Austra- 
lia, New Zealand and South Africa. It is also 
generally admitted that the Mediterranean basin, 
including a broad belt of North Africa and the 


country across Egypt and Syria, and, again, the great 
Austro-Russian basin extending southeastward to 
Persia were Tertiary sea bottom; similarly, by far 
the greatest part of the prairies, plains, and arid 
basins west of the Mississippi owe their present con- 
dition to Tertiary and even more recent geological 
activities. In other words, these regions were largely 
unavailable to their present floras millions of years 
after most of the groups w-hich now distinguish 
Australia and New Zealand were at the height of their 
development. If, then, the largest genera of our 
flora, which are also overwhelmingly the largest 
genera of their own “circles of affinity,” are, as 
Willis maintains, large because they arc the ancient 
genera, is it not singular that Eriogonumy Crataegus^ 
Kubus § Euhatus, Lupnus, Astragalus^ Oenothera^ Gilia, 
Ehacdia^ Pentstemon, SoUdago^ Apk'pappus, and Arte- 
misia should have not even a single species associated 
with the ancient types which inhabit Australia and 
New Zealand, and that only o.oi of the total species 
of Potentillay Euphorbia, Aster and Erigeron should have 
reached those lands? Is it not equally noteworthy 
that, with the exception of Crataegus and the black- 
berries (Ruhus § Eubatus'), all the largest genera of the 
temperate North American flora should be centraliacd 
upon the Tertiary sea bottoms (relatively youthful 
country) of the Mediterranean and Austro-Russian 
basins of the Old World and in the vast area of 
youthful country west and southwest of the Missis- 
sippi? The blackberries arc most virulent in central 
and western Europe, a region available to plants only 
since the Pleistocene glaciation, but likewise in the 
glaciated region and the Tertiary coastal plain of 
eastern North America. Crataegus has its phenom- 
enal development in the eastern United States and 
southern Canada, where it must have produced a 
multitude of its species in post-glacial time. 

It should be perfectly obvious that these genera 
and likewise such overwhelmingly large genera of 
Europe and southwestern Asia (but not of Australia 
and New Zealand) as Dianthus (aoo”30o Eurasian 
species), Silene (300-400), Verhascum (150-aoo), 
Cousinia (150), Centaurea (2.00-300), and Hieracium 
(600-700) are really very young, or, if geologically 
old (Crataegus and Pjebus for example), they have been 
encouraged by modern conditions to rapid multi- 
plication. And if we estimate success of plants by 
their ability to cover country, to take care of them- 
selves, and to multiply their variations to the 
bewilderment of the best systematists, then these arc 
surely successful genera. No society for the protec- 
tion of native plants has thought it necessary to urge 
protection for Eriogonum, Crataegus, Pjihus § Euhatus, 
Euphorbia, Solidago, Artemisia, Centaurea, and Riersh 
cium; but there are plenty of people (including many 
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botanists) who would be glad to have them sup- 
pressed. 

The genera of eastern America which need scrupu- 
lous protection are the woodland herbs of the 
Alleghenian forest, the genera which we largely share 
with Japan and China and which are consequently 
among the oldest plants now living on the North 
American continent. These are chiefly ditypes, with 
one species in eastern America, one in eastern Asia, 
though some of the genera have more than two 
species; but, while the systematist shrugs his shoul- 
ders and waves you away if you bring him for 
determination a collection of the youthful species of 
Lupinusy Oenothera, Aster, or Aftmisia, he can give 
a prompt and explicit determination of Caulophyllum, 
Podophyllum, Dicentra, Panax, Cryptotaenia, Epigaea, 
Chiogenes, and Mitshella — and why should he not? 
These are genera of the eastern Asiatic-eastern 
American forests; and they are absolutely segregated 
genera with no complications of freely intergradient 
species, not, as Age and Area asserts, because they arc 
young beginners, but because they arc old veterans 
( 32 , pp. 568-570). 

If these cases are not conclusive, let us 
consider the tribe Cariceae of the Sedges. 
Kukenthal ( 53 ) recognizes four genera. 
Carex is world-wide, with 7518 species, 
which in view of more recent studies can 
safely be extended to 850. Unciniay with 
Z4 species, is on the subantarctic islands 
(the Falklands, Sandwich Islands, Am- 
sterdam L, Tristan da Cunha, Kerguelen, 
St. Paul, Macquarie, Auckland and Camp- 
bell) thence extending north into South 
America, New Zealand, Australia and 
New Guinea. North of New Guinea in 
the East and of South America in the 
West the genus is unknown except for i 
species found the length of South America 
and slightly northward into Costa Rica, 
another extending from South America 
to Mexico and Jamaica; but the problem- 
atic Canx micro glochin Wahlenb. (described 
from mountains of arctic Lapland) is so 
poorly distinguished from Uncinia that 
one of the greatest students of the Cypera- 
ceae, the late C. B. Clarke, wrote: “I 
feel sure that, had C. mkroglochin been 
found in the southern hemisphere in- 


stead of in the northern, authors would 
have placed it without hesitation in 
Uncinia" ( 18 , p. 374). Now it so hap- 
pens that C. mkroglochin, or a plant 
scarcely separable from it, actually has 
been found in the southern hemisphere, 
in Patagonia and Fuegia ( 18 , p. 401; 53, 
p. 109); and in the northern hemisphere 
it has the thoroughly typical disrupted 
range of a relic-species, chiefly in areas 
whose floras were not destroyed by thr 
latest advances of the continental ke- 
sheets of the Pleistocene. The third 
genus is Kohresia, with ^9 species, 2.7 of 
them confined to the ancient flora of 
Asia, the other z also found in Asia but 
also with a highly disrupted relic-dis- 
tribution around the northern hemisphere; 
and the fourth genus is Schoenoxyfhim, 
with 6 species all endemic to South 
Africa. 

Now by Age and Area, the vast genus 
Carex (850=1= species) is the oldest of the 
four because today it is world-wide and 
overwhelmingly the largest group; Un- 
cinia, Kohresia and Schoenoxyphium should 
be very much younger because they are 
more localized and with far fewer species. 
Nevertheless, no critical student of the 
group hesitates for an instant in believing 
that the presence of the rachilla (the 
axis of a spikelet such as is found m 
most sedges) in all three of the small and 
localized genera and the mostly open 
spathe in Kohresia and Schoenoxyphium 
are primitive characters; and that the 
great bulk of true Carkes, in lacking the 
rachilla (having the female spikelet re- 
duced to a single flower) and in having 
the margins of the spathe united to form^ 
a closed pouch (the perigynium or utricu- 
lus), are later in origin than the other 
three genera. 

To be sure, there are a few Carkes 
which, in having the rachilla, show 
transitions to the more primitive genera; 
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but, when the present geographic ranges 
of these most primitive of Carices site 
checked, they at once become illuminat- 
ing. The case of C. micro glochiriy which 
is practically as good an Uncinia, has 
been discussed. Taking Boott’s Illustra- 
'tions of Carex (11) as the handiest guide, 
we find there illustrated (in a total of 
600 plates) 17 other species which regu- 
larly have the rachilla present and which 
are therefore considered primitive. 3 of 
these are now treated as Kobresias; thus 
leaving 14. Other such species are now 
known but their geographic isolations 
are wholly consistent with those here 
discussed. Of these 14, 3 are rare alpine 
endemics of western and central Asia, 
I of high mountains of Eastern Africa, 
I of the Macronesian islands, i of alpine 
regions of Pacific North America; i 
(C. filifoUa) characteristic of western 
North America but isolated on the high 
unglaciated Torngat Mts. of northern 
Labrador (see 33, p. 3i6)j 3 confined to 
southern South America; 2. to Australia, 
Tasmania and New Zealand; i (C. pyre- 
naica) to remote alpine regions of the 
northern hemisphere and to New 
Zealand, and the last is C. Fraseri. 

Carex Fraseri, a very rare and local 
plant of mountain woods of Virginia, 
West Virginia, North Carolina and east- 
ern Tennessee, is, as demonstrated by 
Holm, so primitive in its morphological 
and anatomical characters as to be “al- 
most unique in the family of the Cypera- 
ceae' (45, p. 1x7). In fact, so unique and 
primitive is the plant that there is every 
reason to follow Mackenzie in distinguish- 
ing it as a monotypic genus, Cymophyllus 
(55, p. 441). Cymophyllus, like the Green 
Dragon (Arisaema Dracontium), the Skunk 
Cabbage (Symplocarpus foetidus), Ram’s- 
head Ladies Slipper (Cypripedium arieti- 
mm'), the hickories (Carya or Hicoria), 
the tear-thumbs (Folygomm or Tracaulon 


arifoUum and sagittaturn), Indian Lotus 
(Nelumho), the Tulip Tree (Liriodendron), 
the May Apple (Podophyllum) and hun- 
dreds of othen, is unquestionably a relic 
of the late Mesozoic or early Cenozoic 
flora so tellingly pictured by that master 
of vivid reconstruction, Guppy. In con- 
gratulating the American student of plants 
upon the abundance of these ancient types 
still living, Guppy projects a dream: 

In the woods around him were growing the 
Liquidambar, the Sassafras, and other shrubs and 
trees that had flourished in the Mesozoic ages in 
the spot where he was standing. Their remains 
crowded the Cretaceous deposits exhibited in the 
cliffs near bf. Specimens of the past and of the 
present were in his hands. Though the difference 
in kind was very slight .... the difference in 
time, measured in human lives, amounted to eternity. 
It is a story of perpetuity rather than of change. 
.... He begins with the cosmopolitanism of 
such types in the Cretaceous age and he ends with 
their more restricted distribution and somewhat 

greater specialization now Those old 

genera become the genera of today; and the genera 
of today, though the genera of a thousand ages, arc 
“but as yesterday” in the history of flowering plants 
(42). 

This prolonged discussion of the situa- 
tion in the Carkeae is here given because 
it is so typical of many large groups, the 
small and primitive or unique genera or 
sections chiefly localized in regions which 
have largely escaped the depleting agen- 
cies of Pleistocene continental glaciations 
or other comparatively recent wholesale 
calamities, the overwhelmingly large and 
more modern series abounding both with 
the ancient floras and in those which 
must have arisen in Pliocene, Pleistocene 
or in some cases even post-Plcistoccnc 
time. That Willis might think the an- 
cient small genera of Asia young would be 
natural, since he closes his eyes to the con- 
sensus of geological evidence that, in the 
Pleistocene, Asiatic glaciation was asso- 
ciated primarily with high altitudes. 
The latter fact comes out sharply in a 
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map of the maximum Pleistocene glacia- 
tion of the northern hemisphere (map 6) 
Willis, ignoring such evidence, speaks 
without a word of qualification of ‘ ‘China, 
where the influence of the last glacial 
period was severely felt’* ( 91 , p. 88), 
Naturally, if one ignores all geological 
and morphological facts, he can at will 
prove anything either young or old; but 
that Guppy, who wrote the pregnant 
passage above quoted, should give his 
approval to Age and Area is certainly 
amazing. 

Another case, which Willis cites, is 
instructive. Taking the x8 largest genera 
in the world, Willis states that i 6 arc cos- 
mopolitan, 5 cosmo-tropic, 4 tropical 
American, '‘zndQuerem Old World [surely 
Qutreus grows in the New World, Tre- 
Icase ( 77 ) recognizing yjx American spe- 
cies], leaving only Erica and Mesembry- 
anphemum, whose large number of species 
is correlated in both cases with the fact 
that they grow in South Africa, where the 
extreme conditions [Is this mathematical 
saltation?] seem to tend to produce large 
numbers of species” ( 91 , p. 117). Now, in 
regard to Brkay Schonland shows, by a 
detailed tabulation of the 5 subgenera, 
41 sections and approximately 1000 species 
of the genus in South Africa, that “the 
whole theory [of Age and Area] as 
applied to this case tumbles to pieces — 
(i) When we analyze groups of species; 
(a) when we take into account allied 
genera which appear to be derived from 
the genus Erica; (3) when we take into 
account the distribution of the Ericaceae 
generally, and of Erica in particular, which 
seem to prove that Erica has arisen in the 
Northern Hemisphere. There is not a 
single fact known which indicates south- 
ern origin. It must have come to us 
through the mountains of tropical 
Africa.” And, after discussion of the 
details, Schonland says: 

Most of these remarks were excerpted by me some 


a theory. They show, however, plainly in the first 
place that when we come to bed-rock of Willis’s 
“Age and Area theory” by comparing a number of 
closely allied species of the same ecological type, 
the present distribution of the South African species 
of Erica docs not fit in with a mechanical rule such as 
Willis thinks he has discovered as governing the 
distribution of plants. The species which occur at 
widely separated stations or closely allied species in 
similar position, both of which will be found in 
these brief remarks, are particularly interesting, as 
previously pointed out, because if they disappeared 
from cither of their distant stations their whole 
position in a scheme of distribution would be com- 
pletely altered 

When we come to the tropical African species wc 
again find little to help us in gauging age by 
area 

Before further commenting on these facts wc must 
glance at the distribution of African genera allied to 

Erica The huge gaps in the distribution of 

these derived genera, are particularly noteworthy. 
If wc knew the genus Erica and its allies only, we 
might come to the conclusion that it has dwelt long- 
est in South Africa and that all species outside South 
Africa arc outliers. Thus wc would assume that 
the development has taken place in a northward 
direction. This assumption probably would to a 
certain extent be correct, but on considering the 
other Ericaceae wc sec that the original current 
of distribution has been in just the opposite 
direction. However, no “Age and Area theory” 
can disentangle these two opposite currents 
except in the vaguest sort of way. Willis, “with 
the aid of a prediction of the bearings of Age and 
Area upon the subject,” came to the conclusion, as 
regards the New Zealand flora, that the number of 
endemic species in any genus would rise "gradually 
to a maximum at or near the point where the genus 
entered New Zealand in the first place.” Applying 
this prediction to the genus Erica in South Africa, 
this point would be a part of South-west Cape 
Colony west of George, where not only a large num- 
ber of endemics arc massed, but where, moreover, 
the greatest diversity owing to formation of sub- 
genera and derived genera is to be found; but I fear 
no contradiction when I assert that it is certainly 
not the place where the genus Erica entered South 
Africa, or where it originated, and thus again 
Willis’s theory breaks down pp, 465-471). 

AGES OE ENDEMICS 

In regard to Willis’s idea that the en- 
demic genera and species arc young begin- 
ners, it has been repeatedly pointed out 
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those which occur in the neighborhood of 
their allies, for which Ridley would re- 
tain the term Endemics “which signifies 
those who live with their people”; and 
those which arc far removed geographi- 
cally from their allies, the survivors of a 
lost flora, for which he proposes “the name 
Epihiofics, which signifies survivors” ( 67 ). 
The former or true endemics are naturally 
younger than their ancestors. No one 
questions that. Whether they are more 
numerous or less numerous than the epi- 
biotics I cannot say. Willis says they are 
more abundant and certainly the vast 
numbers of somewhat localized species of 
Astragalus^ Artemisia, Crataegus, Ruhus, 
etc., give support to his contention; but 
these are surely very young species. In 
fact, some botanists question whether they 
are species at all or whether they will reach 
sharp specific segregation within the era 
of human history. Such groups as these 
will be further discussed in another con- 
nection. 

In many floras a large proportion of the 
genera, although not themselves endemic 
genera, arc represented only by endemic 
species. Willis maintains that these arc 
young species, which have been given off 
by some wide-ranging species which was 
the first of the group to arrive on the 
ground. This situation has been spe- 
cially noted for New Zealand, where 43 
per cent of the genera are said to be non- 
endemic or wide-ranging genera which in 
New Zealand are represented only by en- 
demic species. Since Willis’s theory 
states that the species which have a wide 
range outside a given country will also 
have a wide range in every country they 
inhabit (because they are assumed to be 
the oldest), Sinnott ( 73 , p. 575) raises and 
pushes the query: What has become of 
the wide-ranging species of nearly half 
the genera of the New Zealand flora 
which were the first to arrive there? 


If they ever did arrive, they arc now 
completely “swamped out” and Willis’s 
theory, that they must now be the widest- 
ranging species in New Zealand, falls 
completely to the ground. 

Willis himself, without seeming to 
understand them, supplies figures which, 
checked with the most familiar facts of 
geological history, completely refute his 
claims. To be sure, I am aware that his 
figures cannot always be accepted at their 
face value, for as I have elsewhere been 
obliged to point out, “in arguing that 
there are more endemics in tropical than 
in temperate regions he makes what would 
seem a clinching assertion: ‘North-tem- 
perate America has perhaps 400, but Cey- 
lon alone has 800 endemics, and Brazil 
perhaps 11,000’ ( 91 , p. 83). In view of 
the 1000 endemic grasses recognized in 
temperate North America, the 400 Carices, 
the more than 300 Cruciferae or Umbel- 
liferae, the full 100 Malvaceae, to say 
nothing of Eriogonum, Crataegus, Astra- 
galus, Euphorbia, and all the rest, the 
utter folly of attempting to prove any- 
thing by such wholly unreliable statis- 
tics must be apparent” ( 32 , p. 571). 
But, even taking his figures as presum- 
ably near the facts, we find, for instance, 
that Great Britain has no endemic genera, 
Japan 69 ( 91 , p. 170) and that of the latter 
54 are monotypes (of a single species) and 
most of the others ditypes, with only i 
genus having as many as 8 species ( 91 , p. 
175). We further find that, “Whilst the 
largest number and proportions of en- 
demics are chiefly in the more southern 
countries, there are also large numbers 
and proportions in several of the north- 
ern, <f.g. in Mongolia, California, the 
region about the Mediterranean Sea, etc. 
There are a few endemics on the west 
coast of Europe, the Alps contain about 
2.00, and Italy about the same; and the 
Iberian peninsula contains about 800, or 
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roughly the same as Ceylon’* ( 91 , p. 

149)- 

In view of the fact that Great Britain 
was severely denuded by the Pleistocene 
glaciers and that, for the most part, her 
flora has occupied the islands only a few 
thousand years, it should surprise no one 
to find the British endemic genera totaling 
o; but Japan, undisturbed during the 
Pleistocene, has 63 endemic genera, mostly 
monotypes. Yet Willis calls the mono- 
typic genera young, because they have 
only I species. It needs no argument, in 
view of the proved antiquity of many 
Japanese monotypes, to show that he here 
has no ground to stand on. Similarly 
with Mongolia and China, famous for 
their great number of mono typic genera. 
Willis, as already noted, refers to “China, 
where the influence of the last glacial 
period was severely felt,” but the state- 
ments in regard to the Pleistocene in 
southeastern Asia, by such geologists as 
James Geikie ( 37 , p. 697), Schuchert 
( 69 , see map 6) and Grabau ( 40 ), are suffi- 
cient to show that those who ascribe the 
great number of Chinese and Mongolian 
monotypes to lack of universal glaciation 
and consequently long existance in the 
region have the geological evidence on 
their side. Again, can it be that the 
antiquity of the Iberian tableland, essen- 
tially undisturbed since the dawn of 
angiosperms, has nothing to do with the 
occurrence there of 800 endemics? From 
Cretaceous time (map 7), when an arm of 
the Mediterranean almost severed Iberia 
from France, through the Eocene (map 8), 
when continental Europe was almost 
obliterated by the sea, through the Oligo- 
cene (map 9), when the sea wholly sepa- 
rated Iberia from other lands, on through 
the Pliocene (map 10), when the sur- 
rounding seas of Europe were still ex- 
tensive, and through the Pleistocene 
(map 6), when the ice-fields of north- 


western Eurasia and the enlarged alpine 
glaciers to the south united to obliterate 
the older plants of the continent, the 
Iberian tableland held its own. Ob- 
viously its 800 endemics, including many 
geographically segregated genera and 
others related only to groups of the most 
remote regions of the globe, arc as ancient 
as any plants of Europe. But Atlantic 
Europe to the north, invaded by sea and 
ice, has “few endemics.” This is pre- 
cisely what one would expect, not be- 
cause the flora of Atlantic Europe to the 
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north is old, but because it is so very 
young. 

The endemics of Japan, China, Mongolia 
and the Iberian peninsula have certainly 
had time to spread, but they behave exactly 
like the ancient endemics (epibiotics) of 
other regions. They are quite comparable 
with the species now confined to arctic 
Norway, arctic Russia, and Nova 2 xmbla 
in Europe, north of the area invaded by 
the later advances of the European ice- 
sheets, and in North America found like- 
wise only outside the areas which were 
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denuded by the later advances of the ice. 
These older species in America “have long 
since passed their period of aggressive- 
ness. Left undisturbed they persist in 
their old habitats, but they fail to move 
into new and immediately neighboring 
territory.” Similarly “in Scandinavia, 
where the de-glaciatcd Scandinavian alps 
offer most attractive habitats for them, 
they have rarely ventured out of the lim- 
ited areas in which they were held 
trapped through the whole of Pleistocene 
time” ( 33 , pp. 144, 146). 


uniflora. As a general rule the late 
Mesozoic and early Cenozoic types, which 
have lingered in southeastern Asia and 
in southeastern North America, have 
quite disappeared from the Pacific slope of 
America; but, in case of the Indian Pipe, 
Nature, far from exterminating it, has 
allowed it to become a common woodland 
plant throughout eastern America and 
from Japan and Corea to the Himalayas, 
and she has even allowed it to remain on 
the Pacific slope, in Washington, Oregon, 
and California. Whiteness in saprophytic 
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Further arguing that endemics are 
young beginners which have not yet had 
time to spread, Willis cites the case of 
Christisonia alhida^ a saprophytic angio- 
sperm of Ceylon, which was exterminated 
by its discoverer; and in extenuation of 
that catastrophe he adds: “it is probable 
that the white colour alone would have 
been such a disadvantage as to ensure its 
extermination by nature in any event” 
( 91 , p. 15 1}. Nature, then, has wholly 
neglected her duty with the ghost-white 
Indian Pipe or Corpse Plant, Monotrofa 


angiosperms is unusual but it is not neces- 
sarily fatal, and in saprophytic agarics it 
is common. It is surmised that the ex- 
tinction of Christisonia alhida is readily 
explained by the destruction of the forests 
of Ceylon emphasized by Ridley ( 65 , p. 
559) and admitted by Willis ( 82 , p. 191). 

Finding that a large proportion of en- 
demics in Ceylon were confined to soli- 
tary small areas on the mountain summits 
(just as in other mountainous regions), 
Willis, opposing the general interpreta- 
tion that such species are survivors, 
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dramatically asked: “Had one arrived in 
Ceylon just in time to sec the disappear- 
ance of a considerable flora?” To which 
Bateson promptly responded: “What 
more likely? Is the alternative inter- 
pretation, that he had come in time to 
attend the birth of a new flora, more 
acceptable?” ( 4 , p. 41) and he further 
asked whether Willis really expects the 
local endemics of the bleak and arid 
mountain tops to leave those stations and 
spread over the tropical lowland. It is 


these areas. There arc more than So [after further 
exploration known to be 100] of these endemic 
species, plants with fundarDcntal or deep-seated 
characters in their reproductive organs, all related 
to plants of British Columbia, Alberta, Washington, 
California, or Colorado and isolated by distances 
averaging 1000 miles from their nearest allies. 
Contrasted with this condition in Gasp^: and western 
Newfoundland the situation in Atlantic western 
Nova Scotia is illuminating. There, in a region 
.... which was denuded by the Pleistocene 
glaciers, the flora contains nearly 100 species which, 
after the receding of the glacial ice, made a landing 
off the coastal plain which has subsequently become 
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unlikely that the alpine endemics of Cey-'ws^bmerged and which now forms the continental 

shelf or banks off Nova Scotia. These arc all plants 
derived from the southern coastal plain, some of 


Ion are really young beginners, and that 
their case is materially different from that 
of alpine endemics in many other regions. 

In my own studies in eastern America 
I have found that the unglaciated areas 
of Newfoundland and Gasp6 are char- 
acterized by a large flora isolated from the 
West. 

In connection with the occurrence in Gaspc and 
western Newfoundland of these hundreds of Cordil- 
leran, Alaskan or Siberian species another point of 
great significance should be noted. This is the very 
large proportion of strictly endemic species found in 


them unknown nearer than the Pine Barrens of New 
Jersey, one at least unknown nearer than the Caro- 
linas, and nearly all characteristic of the sandy 
coastal strip from southern New Jersey to Florida 
and Mississippi, there occurring in a climate ob- 
viously much warmer than that of the foggy coast 
from Digby and Yarmouth Counties to Guysborough, 
Nova Scotia. Yet in the 15,000 years (more or 
less) since this flora of far-southern origin became 
isolated on the Atlantic slope of Nova Scotia it has 
set off only a single endemic species and that a rapidly 
reproducing annual, the specific validity of which 
has been doubted. Otherwise the most Nature has 
accomplished in Nova Scotia toward segregation 
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ftotn the southern types is the slight increase of 
hairiness or the modification of stature or foliage in 
about a dozen species. If we reason that the more 
thoroughly differentiated species, those with deep- 
seated differences in flower and fruit, arc older than 
those which show only slight departures from type, 
then surely the floras of Gasp6 and western 
Newfoundland, with their 8o [now known to be 
loo] endemic species mostly unrelated to any plants 
known nearer than about looo miles due west, are 
vastly older chan the flora of Atlantic Nova Scotia 
(33, p. i4x). 


or Cenozoic time until this propitious 
moment, when the whole bunch is thrown 
off at once? In their occupation of very 
recently disturbed areas, Ruhm and 
Crataegus are quite comparable with in- 
troduced weeds. When Willis’s atten- 
tion was called to the obvious fact that the 
behavior of the introduced weeds (like 
the common dandelion, the Canada 
Thistle, white-weed, burdock, Sheep Sor- 
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BEHAVIOR IN YOUTHFUL HABITATS 

Turning to another angle of the ques- 
tion, if species are “thrown off” in 
regular mathematical progression through 
time, as Willis and Yule ( 93 , 94, 95) 
maintain, how shall we explain the 500- 
600 (perhaps more) young beginners in 
Crataegus which have sprung up in the 
last three centuries “on the derelict 
farms of the Eastern States” ( 4 , p. qz) and 
adjacent Canada? Have these and the 
equally modern host of Brambles or Black- 
berries (Rukus § Euhatus') simply been 
accumulating a large credit by with- 
holding their “mutations” since Mesozoic 


rel, etc., which in two or three centuries 
have completely covered the breadth of 
North America) absolutely disproved Age 
and Area, in that these are the youngest 
occupants of a country, not the oldest, he 
at once altered his definition to exclude 
introduced plants. But he has not ruled 
out the New Zealand “Veronicas.” In 
fact, he is very fond of citing them as 
proof of one point or another in his 
hypothesis. 

Of this gtoup, Hehe, in New Zealand 
Checseman says: Veronica presents great 
difficulties to the systematist. Many of 
the species arc singularly protean .... 
varying so much .... that it is no 
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easy matter to fix their real limits. Inter- 
mediate forms are numerous, connecting 
species that would otherwise appear most 
distinct, and .... these intermediates 
blend so freely into one another that an 
apparently continuous series of forms is 
produced, while several species hybridize 
so readily in cultivation that the suppo- 
sition at once arises that natural hybrids 
may also occur” ( 16 , p. 491). Cockayne, 
likewise, emphasizes the lack of sharp 
specific lines in Hde and adds: “Were 
.... that school of botany which is 
dealing with Rosa, Rubus, Huracium^ and 
Crafaegus in the Northern Hemisphere to 
study the New Zealand forms, several 
hundreds of species would be forthwith 
‘created’” ( 19 , p. 44). He might have 
added Panicum^ subgenus Dichanthelium 
(the ''dichotomum group”) which multi- 
plies its segregates in the clearings and 
cranberry bogs of the Tertiary and Quater- 
nary sands of eastern America, AsUr § 
Vulgam of our swampy clearings and 
prairies, and many other groups. 

Willis repeatedly refers to the fact that, 
although it is legitimate to consider many 
groups of endemic or near-endemic occur- 
rence as relics of pre-existing floras “es- 
pecially in the north temperate zone 
(particularly North America and China, 
[see map 6]) where the influence of 
the last glacial period was severely 
felt” ( 91 , p. 88), “It would be absurd to 
apply the ‘relic’ explanation to such a 
case as ... . Ranunculus in New Zea- 
land, and yet on this supposition Ranun- 
culus in that country, or at any rate 
Veronica [meaning must be con- 

* sidered as a relic” ( 91 , p. 94). As already 
pointed out, there is every probability 
that Hebe is a relic, since its range today 
is almost exactly coincident with the 
present ranges of such genera as Notho- 
fagus and Araucaria, both of which are 
relics of formerly wide-ranging groups. 


As shown by the statements of ranges in 
New Zealand given by Chccseman, 73 
per cent of the species of Hebe are con- 
fined to the South Island (or sometimes to 
Chatham 1 . or Stewart L to the south) 
and 17 per cent arc on both the South and 
the North Islands; but only 10 per cent 
are confined to the North Island. In 
regard to Ranunculus Cheeseman states: 
“In New Zealand it forms a very con- 
spicuous portion of the mountain vegeta- 
tion, especially in the South Island 
.... Many of them are exceedingly 
variable and difficult of discrimination. 

. . . . Of the 37 species known, .... 
31 are endemic” ( 16 , p. 7); and it is notable 
that the “difficult” species are exclusively 
among the endemics. 

Now, so far as I can see Hebe and 
Ranunculus in New Zealand are mis- 
behaving, like Crataegus, Ruhus § Euhatus, 
Hieracium, the dichotomous Panicums, 
and numerous other groups in the north- 
ern hemisphere, for the simple reason 
that these groups, often of ancient lineage, 
have suddenly had opened before them 
large areas of virgin territory ready for 
invasion, and in the rapid occupation of 
the new habitats the formerly isolated 
and well-behaved species have freely 
mingled, with the result that we now 
have an intricate maze of undifferentiated 
and freely intergradient plants. In fact, 
Bateson has already stated that, “No 
one familiar with genetical work would 
be disinclined to believe that the vast 
group of endemic shrubby Veronicas were 
co-derivatives from one or more crosses” 
( 4 , p. 41). This interpretation in Rubus, 
Rosa, Crataegus, etc. is familiar. That 
the South Island of New Zealand was 
severely and recently glaciated there can 
be no question. Here are the words of 
Gcikie: “the existing glaciers of New 
Zealand are the descendents, so to speak, 
of far greater ice-flows, which reached the 
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plains .... and may even have en- 
tered the sea The positions occu- 

pied hj the terminal moraines , . . . 
show that the old glaciers were of very 
considerable importance .... after 
these moraines were deposited, the glaciers 
appear to have retreated continuously, 
and perhaps somewhat rapidly, as no 
terminal moraines are again met with, ex- 
cept in the immediate neighbourhood of 


the existing ice-streams In the 

south island of New Zealand .... we 


find a close analogy to the conditions that 
obtain in Scandinavia and Scotland” 
( 37 , pp. 717-719). It is, therefore, highly 
significant to find that ancient Ranunculus 
and presumably ancient Hebe have revived 
their youth and are now multiplying their 
species on the recently glaciated area of 
southern New Zealand, just as the ancient 
genera, Ruhus, Crataegus, etc. arc doing in 
the most youthful soils of the northern 
hemisphere. How can Age and Area tell 
us that Ruhus, Crataegus, Quercus, Ranun- 
culus and many other rejuvenated genera 
(probably including Hebe) are as old as 
Liriodendfon, Sassafras and Hamamelis? 
Yet they are undoubtedly quite as old. 
This simple fact, that some of the Meso- 
zoic genera arc now seemingly on the 
wane while others of equal antiquity have 
revived theiryouthful vigor and pioneering 
capacity, is sufficient wholly to discredit 
the notion that we can determine the age 
of a group merely by the area it covers 
or by the number of its species. 

RANGES op ENDEMICS 

The endemics just discussed arc ob- 
viously very young indeed and except 
that Willis, himself, draws them into 
the discussion by emphasizing Hebe and 
the New Zealand species of Ranunculus, 
they might be ruled out, not only because 
they act like the introduced weeds, but 
because Willis claims that he restricts his 


discussion to “Linnean species.” In gen- 
eral, alpine endemics are of the latter 
class and in discussing these epibiotics of 
Eurasia and Willis’s view that they are 
young beginners, Ridley says: ‘T do not 
clearly see why .... the Alpine plants 
of the high mountains of the Malay Penin- 
sula and Ceylon have a tendency to the 
reduction of leaves, and their having a 
tendency to become eventually quite 
round, orbicular in fact, and in case of 
compound leaves, simple, a state of 
affairs which does not occur in any of 
the species of the same genus in the wet 
forests at the base of the mountains; but 
there cannot be a shadow of doubt that 
it is of importance to the plant, and that 
the plants have been gradually adapted to 
their surroundings” ( 65 , p. 565). And 
after discussing other cases in Ceylon and 
showing that Willis does not know the 
plants and their habitats but simply 
makes mechanical compilations, Ridley 
continues: ‘T confess I do not understand 
Dr. Willis’s interpretation of the simple 
facts of evolution of a species as generally 
understood by naturalists. He states that 
the idea that endemic species were evolved 
to suit local conditions is based largely 
upon Wallace. Who ever possessed such 
a curious idea? Let us take some exam- 
ples of endemics. Afhyllanthus man- 
spliensis is a liliaceous plant occurring 
in a limited area on the Mediterranean 
where it is distinctly endemic, a mono- 
typic genus of the Sowerbieae section with 
no relations nearer than Australia. 
Helxine SoUroUi, Req. (Urticaceae), is an 
endemic of Corsica and Sardinia and has 
no relations at all in this region. Dios- 
corea pyrenaka, Bub., is endemic to the 
Pyrenees and the only species of its genus 
in Europe. How could these plants be 
evolved to suit local conditions, unless 
they are the relics of floras of which the 
rest is extinct? There is nothing within 
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thousands of miles of them now from 
which they could be evolved. In cases 
like this, and there are very many, his 
mutation theory utterly collapses'’ ( 65 , 
pp. 568, 569). 

Willis’s rhetorical query, in regard to 
the endemics of the Ceylonese mountains 
has been noted. In that case the plants 
were obviously relics. He makes a sim- 
ilar query in regard to Senecio. “It is 
very hard to suppose that a genus would 
.choose certain spots upon the globe 
where its species should die out in large 
numbers, yet the facts of distribution 
require that this should be so under 
this explanation. Why should the Sene- 
cios retire to die, in large numbers, to 
Mexico, California, Bolivia, Peru, South 
Africa, Australia, etc.?’’ ( 91 , p. 89), 
Who but Willis ever suggested that Senecio 
as a genus is dying out? As we have 
seen, following Small, he originates the 
genus in the northern Andes many mil- 
lions of years before the high Andes of 
today existed. There the genus has 
phenomenal development and is a mature 
rather than a dying group. The monog- 
rapher of the group, Greenman, finds that 
“There has been a relatively rapid north- 
ward migration of species .... as far 
north as east-central Mexico and Cuba;’’ 
that there is “greater stability in mor- 
phological characters of the species 
occupying large areas as compared with 
the species occupying small areas— thus 
according in general with the age-and- 
area hypothesis;’’ but that “The origin 
of the respective species in the groups of 
plants specially considered appears not 
to have been through mutation of large 
size only, as held by Willis for the, ‘en- 
demics’ of Ceylon and New Zealand, but 
rather through natural selection in the 
course of a relatively rapid northward 
migration’’ ( 41 , p. 193). In other words, 
Senecio in the mountains of tropical 


America has not “retired to die” but is 
in the most active stage of maturity, not, 
as Small and Willis think, because it 
originated in the Cretaceous but because 
it is in a region geologically young. In 
the Andes and Mexico it is doing exactly 
what Hieracium, Centaurea, Dianthus, 
Astragalus^ Artemisia^ Eriogonum^ Hehe and 
numberless other overwhelmingly large 
genera are doing in relatively youthful 
country in other parts of the world, 
certainly not “retiring to die.” 

Again Willis says: “The comparative 
rarity of seriously broken areas of dis- 
tribution among endemic forms, especially 
south of the influence of the last glacial 
period, is much against any very large 
amount of dying out. One would not 
expect a moribund species to retain its 
area intact — though it is true that with 
the Cycads, often supposed moribund, 
this is largely the case’’ ( 91 , p. 89). The 
Cycads are certainly more than ‘ ‘supposed 
moribund;’’ but, in regard to the general 
proposition, it is difficult to visualize a 
plant or animal having “seriously broken 
areas of distribution’’ and at the same 
time being “endemic;’’ and, in view of 
the recent glaciation of southern South 
America, southeastern Australia and Tas- 
mania and southern New Zealand, it is 
likewise difficult to visualize any exten- 
sive flora and fauna “south of the in- 
fluence of the last glacial period.’* Since 
Willis repeatedly states that, although 
Age and Area may break down in the 
North, but is the general rule in the 
region “south of the influence of the last 
glacial period,’’ we are inclined to agree 
that it may be; the flora and fauna of the 
Antarctic ice-field may follow it! As to 
the “endemics’* with “seriously broken 
areas of distribution,” it may be possible 
that Willis is here adopting his recent 
redefinition of an endemic: “On larger 
areas of ground the proportions are 
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greater; Brazil has about xi per cent 
of its genera endemic, and so has Chile, 
Australia about 30 per cent, .... and 
the proportions increase with increasing 
area till one finds 100 per cent endemic in 
the World” ( 91 , p. 170). In this larger 
area, where 100 per cent of the plants 
and animals occur (assuming that there 
are none in other worlds), there are so 
many groups (families, genera or species) 
with “seriously broken areas of distribu- 
tion” that their detailed enumeration 
would nearly occupy the space of this 
article. Sufficient illustrations of them 
have already been given. 

DISPERSAL OF SPECIES NOT CENTRIFUGAL 

In regard to Willis’s idea that plants 
originate at a center and then spread like 
concentric rings, it is obvious that he is 
dealing again with his imaginary world. 
Many botanists, Mrs. Arber, Sinnott and 
others, have discussed the theoretical ob- 
jections and Schonland says: “the crux of 
Willis’s ‘Age and Area theory’ consists .in 
the assumption, that the dispersal of a 
species and of the new species derived 
from it must be centrifugal. Theoreti- 
cally this may be conceded at the start, but 
by no means for all time to come’’ (fi8, 
p. 469). And Rendle remarks: “we can- 
not but hope that after all this is not the 
conclusion of the whole matter. If spe- 
cies originate by mutation and evolution 
and distribution are purely mechanical 
processes, what more is to be done?” 
( 64 , p. 307). This idea, that plants, 
after they have once got a start, radiate 
from a center, although erroneous, is 
common. For instance, such an idea 
in regard to our Arbor Vitae or White 
Cedar, Thuja occidentalism whose ancestors 
date back to the Mesozoic, was recently 
put forward. Of this notion I wrote: 
“Hutchinson says .... ‘The northern 
area of its distribution is roughly outlined 


by a semicircle, a fact which contributes 
evidence that Thuja has migrated radiately 
from a limited area .... it does not 
migrate rapidly .... this form has 
lagged behind.’ When, therefore, follow- 
ing Hutchinson’s suggestion, we draw the 
circle connecting the ‘outliers’ . . . ^ 
it is impressive to find that the center 
of the circle falls in the great acid Ar- 
chaean area northeast of Lake Superior, 
the Temagami region; for Hutchinson 
particularly informs us that *it is notable, 
that throughout great areas, for instance 
the Temagami region, Thuja is unknown.’ 
And since the Temagami region was not 
accessible to forests until the vanishing 
of the Pleistocene ice, by Hutchinson’s 
interpretation that the tree has ‘migrated 
radiately’ we are forced to the dramatic 
picture of the infant Thuja occidentalis 
created in very modern times in the 
center of the Temagami region and find- 
ing nothing to live on, migrating as 
rapidly as its Tagging’ tendency would 
allow to the calcareous regions north- 
west, north, east and south!” ( 30 , p. 64). 

Surely every botanist with the slightest 
experience in the field knows that in 
general plants do not spread radiately 
over large geographic areas. They follow 
belts of special soils, humidity or tem- 
perature and, with a great diversity of 
individual ecological or physiological 
requirements, each works out its range, 
which is anything but mathematically 
regular. Plants and animals in their dis- 
persal are opportunists; their ranges are 
essentially all different and cannot be 
reduced to simple geometric patterns. 

LIGNEOUS AND HERBACEOUS ALLIES 

With Hebe of New Zealand still in 
mind let us look at Willis’s reasoning 
about it (as * 'Veronica** in New Zealand). 
Arguing that ligneous groups arc in 
general older than herbs, he says: “Only 
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very rarely, again, will one find a group 
of ten allied herbs, with a group of ten 
allied trees closely related to it. In 
such a case, which will very seldom 
occur, comparisons on the basis of age 
will be impossible” ( 91 , p. 86); and 
again, “No one would suggest that a 
herbaceous genus of 100 species was of 
the same age as a tree genus with 100” 
( 91 , p. 1 1 6). Surely, Hel>e (which, as we 
have seen, Cockayne believes to have 
Tiundreds of species equivalent in degree of 
segregation with those of Crataegus, Rubus 
and Hicradum) is closely related to the 
herbaceous genus Veronica (or the subgenus 
Fuveronica), It consists of shrubs and 
trees and certainly Willis, by inference 
at least, derives them from the herbaceous 
genus of the northern hemisphere: “great 
ranges of mountains have sprung up .... 
it is clear that they have completely altered 
the distribution of species .... 
though on the other hand, species, chiefly 
herbaceous, which can live at high levels 
in the mountains, have been enabled to 
travel through and into regions otherwise 
impassable. It is in this way, probably, 
that many herbaceous and shrubby types 
of vegetation, including .... Veronica, 
characteristic of the north temperate 
regions, but now also found in New 
Zealand, South America, etc., have been 
enabled to reach these countries” ( 91 , p. 
40). Willis merely infers the derivation of 
Hebe from the herbaceous Veronicas, but 
Cockayne gets beyond inference, saying 
in his paper. Evolution of the Genus Veron- 
ica in Netv Zealand ( 19 , p. 44): ‘There is 
every evidence, then, of descent from a 
common ancestor, which, considering the 
genus beyond New Zealand as well as 
within its confines, would probably be an 
herbaceous plant with a didynamous cap- 
sule, such as V. Chamaedtys L.” As I 
have already indicated, however, Pennell 
finds good reason to consider Hebe more 


primitive than Veronica, This docs not 
necessarily mean that all living 'svoody 
genera, subgenera and species arc older 
than their herbaceous allies. We know 
too many herbaceous types which arc 
presumably of Mesozoic origin to believe 
that; and in the youthful flora of the cor- 
dilleran region of tropical America 
(mostly of Pliocene, Pleistocene or later 
origin) there arc many ligneous members 
of groups which in older floras are repre- 
sented only by herbs. The Morning 
Glories, Ifomaea, for instance, in the 
ancient floras of Australia and South 
Africa are herbaceous or at most suflfuti- 
cose or woody climbers, but in the 
region from western Mexico to Peru there 
occur numerous large trees (Ipmaea § 
Arborescentesy, or Oxalis, which in South 
Africa is a large genus of geophilous herbs, 
in the youthful region from Mexico into 
the Andes has many ligneous representa- 
tives. 

THE ‘‘hollow curve” 

One other point remains to be con- 
sidered: Willis’s “hollow curve.” This 
Willis lays great stress upon, but the very 
definite fact, that competent mathema- 
ticians differ radically in their evaluation 
of it, is sufficient indication that, until its 
status is cleared, it is not an implement for 
the average botanist or zoologist who 
deals with thousands of organisms, each 
with an independent life-history and 
geographic range. Willis, vigorously 
supported by Yule, finds the “hollow 
curve” the one correct representation of 
the facts of dispersal and evolution, but 
many others who have investigated it 
find it useless. Regan’s flat statement 
that Age and Area “has no value” was 
based on a study of the “hollow curve” 
in which he showed that the same curve 
could be derived from a tabulation of the 
“names in a directory according to the 
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number of times each appears, etc., etc. 
.... In other words the curve is 
not due to a single factor” ( 62 , p. 165). 
Pantin, by making legitimate assumptions 
diferent from those of Willis, “came to 
conclusions directly opposite to those of 
Dr. Willis” and found that “we have in 
his curves direct evidence that: — (i) Evo- 
lution has proceeded almost entirely by 
natural selection it 

is impossible to conceive of evolution 
proceeding by the large mutations sug- 
gested by Dr. Willis” ( 58 ). Newton, 
likewise, taking the same data as Willis, 
concluded: “It is now possible to deduce 
the converse of Dr. Willis’s theorem” 
( 57 ); and Chamberlain, after many tests 
of the work of “lumpers” and of “split- 
ters” and with the crudest work and the 
best of monographs, concluded that “only 
in the most general sense will the quality 
of the data effect the form of the curve” 
( 14 , p. 308). With the mathematicians in 
complete disagreement as to the value of 
the “hollow curve” as a measure of evo- 
lution, the student of distribution can 
safely let it alone. 

CONCLUSION 

In this study I have purposely omitted 
any detailed discussion of the method of 
origin of species, since we are dealing 
with the dispersal not the origin of the 
organisms. I have also been obliged to 
omit practically all reference to the 
standpoint of the morphologist, the ge- 
netecist and the ecologist, since, with lim- 
ited time for preparation, it has been 
necessary to keep pretty closely to the 
fields of classification and geographic dis- 
tribution, which are most intimately con- 
cerned. In such discussions by the mor- 
phologist, genetecist and ecologist as I 
have come across there is no indication 
of approval of Age and Area; and, except 
for the applause of de Vries, the subject 
has produced hardly a ripple in Europe 


south of the English Channel. Only the 
mathematicians and the philosophers sec 
value in it and that is natural enough. 
It is an attractive concept and to those 
who do not realize the gross errors of 
fact involved, it seems very reasonable. 
Its only generally accepted proposition, 
however, is a truism which is not new. 
If the world were static it would be the 
obvious law. The world not being static, 
life has followed an intricate and almost 
inextricable series of factors, each acting' 
differently on different species, with' the 
result that no single factor, and especially 
age, can be isolated as all-controlling, 
Willis, as I have tried to show, has pro- 
ceeded ‘ ‘without a full appreciation of the 
axiomatic truth that a work on phyto- 
geography should be based on a clear un- 
derstanding of identities and of the geo- 
graphic ranges of plants” ( 29 , p. 115). 
“There is no branch of the botanical field 
which so much as phytogeography de- 
mands thorough training in exact taxo- 
nomic detail accompanied by the most 
discriminating judgment and prolonged and 
painstaking field-study” ( 29 , p. 114); 
these Dr. Willis too obviously lacks. He 
has reared a superstructure with many 
attractive features but, unfortunately, he 
has neglected to consult frequently 
enough the taxonomists, the “hodmen 
of science’ ’ (see 52 ) and their co-workers 
in paleontology, geology, morphology 
and ecology, who control the brick and 
mortar necessary for the foundation. 
Without the secure foundation, which 
they in cooperation have to supply, the 
superstructure must necessarily collapse. 
“Age and Area” in 1915 was a “law;” ' 
by 1917 it had become “a hypothesis” 
and on the last page of his book, in 1911, 
Willis stated that it was “simply a 
corollary.” By the mathematical rule 
which Willis believes to control all evolu- 
tion, its status in 192.6 could readily have 
been foretold. 
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I. INTRODUCTION 

C lassical immunology ' has 

been chiefly concerned in 
the past with the host and 
not the parasite. It has 
attempted to study the properties of im- 
mune sera as opposed to normal sera and 
to correlate the former with the defease 
of the host against the invading parasite 
or to use the former in detecting the 
presence of a suspected parasite. In the 
present review the author wishes to shift 
this emphasis slightly by correlating the 
properties of immune sera with the ac- 
tivities of the parasite. By this approach 
to the subject it is hoped that some of the 
immunological bases for the different 
types of infection will be disclosed. 

The difficulty of studying the subject 
from this aspect lies in the fact that in 
order to get at the activities of the para- 
site all the stages in its life-cycle must 
be localized in some accessible part of the 
host where they may be studied from day 
to day. Certain of the plasmodia and 
trypanosomes comply with this pre- 
requisite since they complete their life- 
cycle in the general blood stream and 
can be found in the peripheral blood. 
They will, consequently, be taken up in 
detail, while others, unsuitable in this 
respect, will not be considered. Thus, 
Tryfanosoma cra^i, which shows more 
similarities to the leishmanias than to 
the trypanosomes, is predominantly a 


tissue parasite and can only rarely be 
found in the blood-stream. Likewise, 
Halteridium of birds and Plasmodium fal- 
ciparum of man undergo their asexual 
life-cycles chiefly in the blood vessels of 
the deeper tissues. 

For a detailed description of the para- 
sites considered in this review and their 
relatives, the reader is referred to any of 
the standard texts on protozoology, such 
as Hegner and Taliaferro (1914). Only 
the barest details can be given here. The 
genus Trypanosoma is very widely dis- 
tributed, and species are found parasitic 
in the blood of various vertebrates belong- 
ing to almost every class. In the present 
paper a distinction is made between 
pathogenic and non-pathogenic or non- 
lethal forms. By far the majority of the 
known species belong to the second group 
and produce no observable symptoms in 
their hosts. A representative of this 
group is T. lewisi, the common blood 
parasite of rats all over the world. By 
pathogenic trypanosomes is generally 
meant those which produce disease in 
man or animals, such as, T. gamUense 
and T. rhodesiense of human sleeping sick- 
ness, T. cru^ii of Chagas’ disease, T. kucei 
of nagana of domestic animals, T. epi- 
num of mal de caderas of horses and mules, 
and r, epiperdum of equine dourine. 
Even these forms which are generally 
lethal to man or domestic animals can 
probably live in certain wild animals 
without producing appreciable symp- 
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toms. Among tiie malarial parasites, 
Elasmodium falciparum^ P. malariae and 
P. pivax of the malignant tertian, quartan 
and benign tertian fevers of man are too 
well-known to need discussion. In man, 
malaria, though often fatal, tends toward 
recovery. P, rdictum, the bird parasite, 
is generally non-lethal. 

Figure i gives some outline drawings of 
Trypanosoma Utoist taken (i) when the 
parasites are actively reproducing, (x) 
when actual cell division is rare, but when 
growth stages due to reproduction are 
still present and (3) when all reproduc- 
tion has stopped. Although the patho- 
genic trypanosomes considered do not 
reach a stage, in laboratory animals, 
when ail cell division ceases, their mor- 
phology differs from T. kwisi only in 
minor details. Figure 1 shows the intra- 
cellular bird malaria parasite (Plasmo- 
dium relktum) and indicates the 14-hour 
asexual cycle which occurs in this para- 
site. 

A knowledge of the general course of 
infection of the trypanosomes and malarial 
organisms has gradually accumulated as 
a result of many types of experimental 
work. The author cannot, therefore, re- 
view progressively the steps in its com- 
pilation, but will, instead, outline the 
general facts in regard to these infec- 
tions, and in passing, note a few specific 
pieces of work which seem particularly 
important. Moreover, to avoid repeti- 
tion it has seemed best, first, to outline 
briefly the methods devised for deter- 
mining the effects of the host’s resistance 
on the parasite in the various types of in- 
fection, and second, to follow this with 
a consideration of each of the main types 
of trypanosome and malarial infections. 
These types of infections will in turn be 
discussed with regard to the following 
points: first, to review the course of the 
infection; second, to apply the methods of 


analyzing the effects of resistance which 
will have been previously outlined; and 
third, to give the immunological bases 




I. Dividing trfpanosomes 'such as arc found at 
the height of reproductive activitj. i. Growth 
stages, taken from the fourth day of the infection 
shown in figure 5. 3. Adult forms, taken from the 
twenty-eighth day of the same infection. F, flagel- 
lum; Ny nucleus, P. S., parabasal body; U. M., 
undulating membrane. X 1000. (i, after Coventry; 
z and 3, after W. H. Taliaferro.) 


for these effects in as far as they are 
known. 
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Before takmg up the methods devised the body of the host adverse to the 

for determining the effects of the host’s parasite; as efforts on the part of the body 

resistance on the parasite, the term re- to make good the deleterious effects of 

sistance, itself, needs defining. Resist- the parasite as in the hyperactivity of the 

ance, in the broad sense, may be used to hematopoietic organs due to the destruc- 


ASEXUAL CYCLE 



SEXUAL /SrA(jES;present at all fiouns 



Microgamstocytes Macrogametocytejs 


Fig. z. Representation of the Cycle of Reproduction in Bird Malaria Showing Changes in Size and 

Variability 

Outlines of the asexual stages (X1500) of the parasites within the red cells, showing nuclei and pigment 
granules, made at four hour intervals during a consecutive period of 14 hours. In addition, outlines of three 
miaogamctocytes and three macrogametocytes, which occur in small numbers at all hours throughout the 
infection. (From drawings by L. G. Taliaferro.) 

denote various mechanisms, either active tion of red cells in malaria; or by the 
or passive, of the host to counteract the production of antitoxins in those infec- 
activitics of the invading parasite. It dons where toxins are formed. Through- 
may be manifested as hindrances to the out this paper, however, the term resist- 
act of invasion; as conditions arising in ancewillbe restricted, as a matter of con- 
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venience, to denote the various conditions 
arising in the host which are adverse to 
the parasite, since the author hopes to 
show later that the different types of 
infection may be directly correlated with 
^the host’s resistance in this sense. It is 
also to be noted that resistance in any 
sense may be either natural or acquired. 
Natural resistance is correlated wnth such 
matters as species immunity, etc., and 
although it undoubtedly plays some part 
in the types of infection, it may not be 
the result of infection. Acquired re- 
sistance, on the other hand, is developed 
after the parasite has successfully invaded 
the host, and, as will be shown later, is 
adequate to explain the broad differences 
in the various types of infection considered 
in this paper. The present review, there- 
fore, will be limited to considerations of 
acquired resistance. 

Acquired resistance, as just defined, is 
generally thought of as paralleling the 
production of immune antibodies or reac- 
tion products in the host. ‘ ‘As antibodies 
have never been isolated in a pure condi- 
tion we have no knowledge as to what 
they are, and their existence is recognized 
merely by the effects they produce, just 
as we recognize the existence of enzymes” 
(Wells, 192L5). Furthermore, although 
they may represent new material sub- 
stances arising in the host as a result of 
infection or processes of immunization, 
they may just as well represent a change 
in substances already present or even a 
change in the concentration of such sub- 
stances. 

II. METHODS OP ANALYZING THE EFFECTS 
OF RESISTANCE 

The methods devised for determining 
the effects of the host’s resistance on the 
parasite in the various types of infection 
can now be outlined. Granted that a 
parasite not only has successfully in- 


H9 

vaded its specific host but has started 
reproduction, it is evident that if no re- 
sistance is operative it must increase in 
the blood at a uniform rate. Also, due to 
the fission-method of protozoan reproduc- 
tion, such an unmolested increase would 
cause it to accumulate according to a 
geometrical progression series (a, ar, 
ar^ arh at^ . . . . , ar^, for example, 
I, 1, 4, 8, 16, etc.). If it does not pro- 
gress uniformly in this manner (and the 
majority of infections studied do not), 
for example, if after it has appeared In 
the host as an infection, its numbers 
either remain constant or decrease, we 
may conclude that some type of resistance 
is operative. In other words, in the 
number curves of different infections, we 
have an approximate method of ascertain- 
ing whether any resistance is operative 
and an approximate measure of the sum 
total effects of this resistance. Paren- 
thetically, it may be noted that the rate 
of reproduction might increase due to a 
lowering of the natural resistance of the 
host, but with little experimental evidence 
indicating this, it is not considered. 

Any fluctuations in the number curve, 
however, can be brought about by one or 
both of two entirely different mechanisms: 
I, the rate of reproduction of the para- 
sites (cell division) may be retarded or 
inhibited; or i, the parasites may be 
destroyed after they are formed. The 
second mechanism includes those effects 
of resistance which may be termed 
^arasiticidak but the inhibition of repro- 
duction may not be parasiticidal at all. 
Practically all discussions of the effects 
of resistance have hitherto been limited to 
the parasiticidal effects. 

Although the general phenomenon of 
the cessation of reproduction in infec- 
tions with Ttypamsma lewisi has been 
known for many years and the presence of 
cycles of reproduction in T. gamUense 
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since 1911 (Robertson, 1911), the sharp 
distinction between these two effects of 
resistance was probably first clearly 
brought out by the present author and 
L. G. Taliaferro (1912.). The principle of 
inhibition of reproduction as an immune 
phenomenon is recognized by van 
Saceghem (1913) and definitely correllated 
with a property of immune serum by 
Taliaferro (192.4). These investigations 
will later be considered in detail. As 
Taliaferro, W. H. and L. G. (1911) point 
out, the separate action of the reproduc- 
tion inhibiting and the parasiticidal 
effects of resistance which collectively 
account for the number of organisms 
present in the blood at any time is clearly 
indicated in the following equation: 

(x) ' (x) ■ (3) 

Number of Number pro- 
parasites duced by Number 

at any] reproduc- destroyed 

time tioa 

Here the reproduction inhibiting effect 
directly affects the second member of the 
equation and the parasiticidal effect repre- 
sents the third member. As the members 
of this equation can not be measured 
exactly it can not be solved in a mathe- 
matical sense. Nevertheless, fairly accu- 
rate conclusions can be drawn by the 
methods outlined in the next paragraphs. 

In the work of Taliaferro, W. H. and 
L. G. (1911) and Taliaferro, W. H. 
(1914) on trypanosomes, and Taliaferro, 
L. G. (192.5) on bird malaria, the first and 
second members of the equation have been 
determined and the third evaluated in 
the following manner. The first term can 
be easily obtained by making frequent 
parasite counts during the course of an 
infection. The second term of the equa- 
tion (rate of reproduction), in order to 
be valid, must be independent of both the 


first and third terms, and hence, can in no 
way depend on the enumeration of the 
progeny formed. A measure to fill these 
requirements has been found and although 
it is indirect, it can be used as long as 
there are enough parasites in the blood to 
furnish suitable samples for analysis. 
Since reproduction in malaria, however, 
proceeds in cycles, whereas in trypano- 
some ihfections it does not, a different 
method is used in the two groups. 

In the trypanosome infections, the 
measure consists, essentially, in coihpar- 
ing the variability in size of samples of 
trypanosomes taken at stated intervals 
throughout the course of an infection. 
The rationale of this method is based on 
the obvious and well-known fact that a 
sample of organisms measured, on the 
one hand, from a population undergoing 
rapid reproduction, with the constant 
production of young forms and inter- 
mediate growth stages, will exhibit much 
greater variability in size than a sample 
of organisms measured, on the other hand, 
from a population in which there is little 
or no reproduction and in which all of 
the organisms are full-grown adults. 
(Compare, for example, the variations in 
length of the reproducing with the con- 
stancy in length of the non-reproducing 
parasites in figure i.) Throughout the 
work, the total length of the trypano- 
somes was selected as the most suitable 
measure of size while their variability 
was expressed in terms of the coefficient 
of variation. This statistical constant 
was computed from the actual measure- 
ments by means of the usual formula and 
expresses the variability in terms of per- 
centages of the mean size. In T. kwlsi, 
for example, a coefficient of variation for 
total length of 3 per cent indicates a popu- 
lation of adults in which there is no 
reproduction and a coefficient of variation 
of 30 per cent indicates a population in 
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which, reproduction is ensuing at a maxi- 
mujn rate. 

The coefficient of variation method is 
applicable to trypanosome infections be- 
cause in these the organisms reproduce by 
binary fission and do not exhibit any 
periodicity in reproduction. Thus, if 
reproduction is going on, a random 
sample at any time will give ail stages of 
reproduction and growth. In the 
malarial parasites, however, the asexual 
forms sporuiate and grow up nearly 
synchronously (cf. fig. z). Thus, a sam- 
ple at one time will contain only small 
forms (merozoites); at another, large 
forms (schizonts), etc. The length of 
time it takes for the organisms to com- 
plete this cycle of growth and sporula- 
tion is the time it takes for each small 
organism to grow up and produce about 
15 progeny, and is, therefore, actually an 
expression of the rate of reproduction of 
parasites. Should this time vary any- 
where during the infection, the rate of 
reproduction could accordingly be said to 
vary. It is to be noted that examinations 
of blood smears to ascertain when sporula- 
tion takes place would give a rough meas- 
ure of the rate of reproduction. A more 
exact method, which was the one used, 
is as follows: 50 parasites were drawn, 
measured and their mean size obtained 
at z- or 4-hour intervals during as much of 
the infection as was possible. As can be 
seen from figure z, the data obtained 
showed a series of abrupt falls and gradual 
rises in the mean size of the parasites, due 
to the fact that when the parasites 
occurred in the blood as large schizonts, 
their mean size was high; when sporula- 
tion took place, their mean size im- 
mediately dropped, but gradually rose, 
as growth ensued, until the next period 
of sporulation. Comparing the time it 
takes for this cycle to be completed during 
the various stages of the infection (acute, 


chronic and relapse) it can be ascertained 
whether the rate of reproduction is chang- 
ing or being maintained constant. In one 
strain of bird malaria, for example, the 
cycle was found to take twenty-four 
hours whenever it was possible to obtain 
data, and therefore, the rate of reproduc- 
tion can be considered as constant 
throughout the entire infection. This 
measure of the rate of reproduction sup- 
poses that the average number of young 
produced by each full-grown parasite at 
each sporulation period does not vary 
throughout the infection. This has been 
shown to be a valid assumption by L. 
G. Taliaferro C19Z5}, Obviously, this 
method has the same advantage as the 
coefficient of variation method in the 
trypanosome infections in that it is in- 
dependent of the number of parasites 
destroyed, and can be used as long as 
enough parasites remain in the blood to 
obtain a statistically valid sample. 

III. CONTINUOUS INFECTIONS OF THE PATHO- 
GENIC TRYPANOSOMES IN THE MOUSE 

When most varieties of the pathogenic 
trypanosomes which produce disease in 
man and domestic animals are injected 
into mice, the parasites appear in the 
blood after a short incubation period and 
increase in numbers steadily and uniformly 
until the death of the host. This is the 
simplest type of infection met with. 
Much the same type of infection is seen in 
the rat. Sometimes, however, the para- 
sites in this host temporarily disappear 
from the blood and the infection, con- 
sequently, more nearly approaches that 
seen when the pathogenic trypanosomes 
are grown in the guinea pig as described 
in the next section. The general nature 
of the infection in the mouse and its 
difference from that in the guinea pig was 
recognized by the earlier writers; for 
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example, it was clearly pointed out by 
Massaglia (1507). 
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Fig. 3. Graph Showing the CoEFPiaBNT op Varia- 
tion POR Total Length (Comparative Measure 
OP THE Rate of Reproduction) and the Number 
OF Trypanosomes per Cubic Millimeter of 
Blood, Throughout the Course of an 
Infection with T. rhodesiense 
IN A Mouse 

This infection illustrates the condition in which 
there is neither any inhibition of reproduction of the 
parasites nor any appreciable parasiticidal action, 
(From data by W. H. and L. G. Taliaferro.) 

T. fhodmmse, the causative agent of 
one type of human sleeping sickness, in 


the mouse, taken from Taliaferro, W. H. 
and L. G. (192.1), illustrates this type of 
infection. After an intraperitoneal in- 
jection of infected blood, the trypano- 
somes appeared in the blood 4 days later, 
and the mouse died 7 days after injection. 
(See fig. 3.) Blood smears were made 
every 11 hours while the organisms were in 
the blood. After staining and upon 
examination, they gave the results which 
are represented graphically in figure 3. 
(In the graphs of the trypanosome infec- 
tions, i.e., figures 3, 4, 5, and 6, all of the 
data are represented on the same scale 
with the exception of the number curve 
in figure 3 which of necessity is con- 
siderably reduced. This makes possible a 
direct comparison of the different types 
of infection.) The variability of the 
parasites remained fairly high (C.V. == 
8.87 to 10.46 per cent) throughout the 
infection with no indication of a pro- 
gressive change in it — ^from which we may 
conclude that the rate of reproduction 
remained approximately the same 
throughout. Furthermore, microscopical 
examination of the slides showed that 
cell division of the parasites was occur- 
ring throughout the infection. The num- 
ber of organisms in the blood steadily 
accumulated according to a geometrical 
progression which, as has been said before, 
is just what would be expected if none or 
very few of the organisms were being 
killed. Hence, we may conclude that 
no resistance whatever is acquired by the 
host, either affecting the rate of reproduc- 
tion of the parasites or destroying them 
after they are formed. 

IV. INFECllONS WITH PATHOGENIC TRYPANO- 
SOMES PROCEEDING BY CRISES AND 
RELAPSES 

When the same pathogenic trypano- 
somes considered in Section III are grown 
in the guinea pig, the infection is charac- 
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tcfizcd by alternate increases and de- 
creases in the number of parasites found 
in the blood (fig. 4). The periods of 
more or less sudden disappearance of the 
parasites from the blood are known as 
crises and the re-population of the blood 
following the crises as relapses. As has 
already been pointed out, the general 
nature of such infections has been well- 
known for a number of years. Fantham 
and Thomson (1911) applied exact enu- 
merative methods throughout the course 
of. infections of T. rhodesiense and T. 
gamhiense in guinea pigs and rats, and 
Thomson (1911) has applied the same 


of wholesale dcstraction of the parasites 
and not simply periods of temporary mi- 
gration of the organisms from the blood 
stream. In analyzing the effects of the 
host’s resistance to the organisms, there- 
fore, it may be concluded from this early 
work that one effect of resistance in these 
infections is the destruction of large num- 
bers of the parasites at certain intervals. 
Is this destruction associated with any 
effect on the rate of reproduction pr sel 
Our work indicates that it is not. For 
example, the coefficient of variation for 
total length (Taliaferro, W. H. and L. G., 
1911) of T. rhodssiense throughout an 



Fig, 4. Graph Showing the Coefticient of Variation for Total Length (Comparative Measure of the 
Rate of Reproduction) and the Number of Trypanosomes per Cubic Millimeter of Blood, Through- 
out THE Course of an Infection with T. rhodesieote in a Guinea Pig 
This infection illustrates the condition in which there is no inhibition of reproduction of the parasites, but 
in which there is a marked parasiticidal effect, as is shown by the &st chronic stage of the infection and by 
the two well-marked number aises. (From data by W. H. and L. G. Taliaferro.) 


methods to infections with T, hrued in 
the same hosts. 

Besides the guinea pig, this kind of in- 
fection has been found in other hosts. 
Thus, it is quite often observed when the 
dog is infected with the pathogenic 
trypanosomes; it was found by Ross and 
Thomson (1910^?) to be characteristic of 
infections of T. rhodesiense in man, and in 
the author’s experience, generally occurs 
when T. equinum is grown in rats. 

The sudden disappearance of the para- 
sites from the blood, coupled with the 
in vitro serological studies which we will 
review later, early convinced investi- 
gators that the crises were actual periods 


entire infection in the guinea pig remains 
at the high level of 9 to 10 per cent (fig. 
4). Essentially similar results are ob- 
tained in the dog. Here, as in the infec- 
tions in the mice, direct microscopical 
examination of the slides showed that 
the parasites were undergoing cell divi- 
sion whenever they could be found. In 
other words, once the parasites are intro- 
duced into the host, they probably repro- 
duce at a uniform rate during the entire 
infection. At intervals, however, most 
of the parasites that have accumulated in 
the blood are destroyed, but the few, 
which escape destruction, since their rate 
of reproduction is unchanged, repopulatc 
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the blood again and again until the host 
dies. Expressed in terms of resistance, in 
this type of infection, which proceeds by 
crises and relapses, one of the two possible 
effects of resistance is operative, i.e.,the 
host's resistance is directed toward a 
destruction of the parasites after they are 
formed but not toward an inhibition of 
the rate of reproduction per se. 

What is the mechanism of this destruc- 
tion? The available evidence indicates 
that at the crisis there is a sudden acquisi- 
tion of a rrypanolytic property by the 
blood serum and that the organisms accu- 
mulate in the blood during the relapse 
not because the lytic antibody disappears 
but because the trypanosomes are so 
changed biologically as to be no longer 
susceptible to the action of the antibody. 
These data have been obtained from two 
different lines of investigation: first, the 
study of the trypanocidal antibodies 
arising in animals as a result of the partial 
or complete cure of infections, and second, 
the study of the trypanolytic antibodies 
occurring during the uninfluenced course 
of experimental infections. Although it 
might be questioned whether the trypano- 
cidal effects in these two classes of ex- 
periments are the same, they nevertheless 
point to the same conclusions. 

It was recognized early in the experi- 
mental work with trjrpanosomiasis that 
the serum of some infected animals lysed 
the same species of trypanosome. This 
phenomenon was probably first noted by 
Schilling (1901) in a bull “immunized’* 
against nagana (T. togohnse), Franke 
(1905) also noted it in an Old World 
monkey (Cercopithecidae) cured of mal 
de caderas (T. equinnm). He also ob- 
served the very important fact, from the 
standpoint of the mechanism of relapse, 
that the blood of the infected monkey 
could contain simultaneously the trypano- 
somes and strong trypanocidal antibodies. 


Evidently, these resistant organisms were 
different from the original passage strain, 
and he states, “dass die Parasiten 
andere biologische Eigenschaften ange- 
nommen haben und fiir die Schutzstoffe 
unempfindlich geworden sind.” Lin- 
gard (1904) also noted that the serous 
fluid from the plaques of horses with 
dourine (T. e^uiperdum) was trypanolytic. 

The study of the trypanocidal anti- 
bodies which arise following treatment 
and their relation to relapse antedates 
the work on the course of natural infec- 
tions and will therefore be considered Rrst. 
Beginning with the original work of 
Franke (1905), Ehrlich and his co- 
workers, Roehl, Gulbransen and Ritz, 
have carried out a very ingenious series 
of experiments on the mechanism of re- 
lapse in infections with the pathogenic 
trypanosomes in the mouse. As has 
already been pointed out, the uninfluenced 
infection in this host is of the continuous 
progressive type, and therefore, crises and 
relapses had to be produced by means of 
incomplete cures with drugs. With such 
artificially produced crises and relapses, 
they tested the identity or non-identity 
of their original and relapse strains by 
using a previous observation of Ehrlich 
and Shiga (1904), which was confirmed 
by Halberstaedter (1905) and Franke 
(1905), that if a mouse is cured of an in- 
fection with a pathogenic trypanosome, it 
is refractory for about 2.0 days to a second 
infection with the same strain. This 
immunity is so specific that it serves to 
differentiate between the original and the 
relapse strains. In this type of work it 
might be thought that the immunity 
after cure is due to the retention of the 
trypanocidal drug. Ehrlich and Shiga 
(1904) showed that this was not true but 
that it is connected with a specific im- 
munological reaction on the part of the 
host. It has also been shown that par- 
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tial cure results in the production of sim- 
ilar specific antibodies. 

An hypothetical experiment will serve 
to show how these experimenters differen- 
tiated original and relapse strains: A 
mouse is infected with a strain of trypano- 
somes which is called the passage or 
original strain. When the trypanosomes 
appear in the blood, a tr3rpanocidal drug 
is given to the mouse in a dose sufficient 
to cause a temporary but not a permanent 
disappearance of the parasites from the 
blgod. The parasites which reappear 
constitute a relape strain. Before the 
drug treatment one set of mice is sub- 
inoculated from the passage strain, and 
after treatment another series is sub- 
inoculated from the relapse strain. Now, 
if one of the mice be cured of its infection 
with the passage strain, it is immune to 
subsequent reinjections of the same strain, 
but it becomes infected and dies if in- 
oculated with the relapse strain. Sim- 
ilar experiments can be carried out with 
the relapse strain. Immunity, therefore, 
toward the passage strain does not pro- 
tect against the relapse strain, and vice 
versa, showing that the two are bio- 
logically different. The fact that the 
relapse strain is actually different from the 
original strain has been demonstrated in 
this manner by Ehrlich Ehrlich, 

Rochi and Gulbransen (1903), Rosenthal 
(1913) and Ritz (1914). 

Of the papers mentioned, the one of 
Ritz (1914) is of particular interest. One 
of his mice was incompletely cured 10 
times with the production of 17 im- 
munologically different relapse strains. 
Some of these strains were identical with 
those of another mouse which had been 
incompletely cured 19 times with the 
production of 9 immunologically different 
strains. Thus, when the relapse strains 
in each mouse were numbered consecu- 
tively he found that No. 7 of the first 


mouse was the same as No. 3 of the 
second and Nos. 6, 9 and 8 of the first 
were the same as Nos. 4, 5 and ii of the 
second, respectively, la over 600 mice 
he found xt immunological variations. 

Ehrlich, Roelil and Gulbransen (1909) 
and Ehrlich (1909) added another im- 
portant contribution in that they found 
that trypanosomes could be made resistant 
in vitro to the tni^anocidal antibodies 
which arise in mice after treatment. If 
mice were infected with the passage strain, 
cured, and then bled, their serum was 
found to be trypanocidal. If some of the 
original passage tr^psanosomes were now 
allowed to stand in contact with this 
serum for 15 minutes and then injected 
into normal mice, the trypanosomes from 
the resultant infection were found there- 
after to be resistant to the trypanocidal 
scrum. Furthermore, this resistance was 
retained for over a year, entailing over 
zoo passages through mice. 

While these investigations were going 
on, other workers were studying the 
mechanism of relapse in uninfluenced in- 
fections where crises and relapses occurred 
naturally. The first systematic work on 
the lysins arising during the course of 
uninfluenced infections and their relation 
to crises and relapses was that of Rodet 
and Vailet (1906). Besides recognizing 
the lytic properties of the serum, these 
authors believe that certain organs, 
notably the spleen, have remarkable 
trypanolytic properties. Later work 
tends to show that this is not the case 
although Mutermilch (1911) has pre- 
sented evidence that the trypanolysins 
are formed in the spleen and other hemato- 
poietic organs. According to him, how- 
ever, after these antibodies are thrown 
into the blood, the organs contain no 
more than can be accounted for by the 
blood in them. Similarly, certain authors 
have advanced evidence that phagocytosis 
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pkfs a significant part in the disappear- 
ance of the parasites, but from the litera- 
ture, 3 .S well as from various unpublished 
experiments, the present author believes 
that such phagocytosis is a secondary 
phenomenon and that the trypanosomes 
which are phagocyted have already been 
injured, If not killed, by agencies present 
in the serum. 

Massaglia (1907) showed that a definite 
correlation existed between the crisis and 
the lytic property of the serum. Thus, 
in a guinea pig before the crisis, the serum 
was only slightly lytic when tested on 
the same strain of trypanosomes, but the 
serum during and after the crisis was very 
strongly lytic to the original strain. 
Furthermore, he showed that although 
the serum taken after or during the crisis 
was strongly lytic to the original passage 
strain, it had no deleterious effect on the 
trypanosomes which reappeared in the 
guinea pig after the crisis to constitute 
the relapse. Here is clear experimental 
proof that the antibody which brought 
about the crisis remains in the blood 
(as shown by the activity against the 
original passage strain) and that the 
trypanosomes can accumulate again during 
the relapse due to a change in their bio- 
logical properties which has made them 
no longer susceptible to the antibody. 
Massaglia then not only correlated the 
production of an antibody with the 
crisis but he explained the relapse in the 
uninfluenced course of the infection as 
being due to the acclimatization of the 
parasites to the antibody. 

Levaditi and Mutermilch (1909), work- 
ing with T. and T. in the 
guinea pig and using much more carefol 
technique, confirmed Massaglia’s general 
conclusions. They showed, furthermore, 
that when the trypanolysin acted on 
trypanosomes m vim there was a co- 
action^between a thermolabile nonspe- 


cific (alexin or complement) and a thermo- 
stable specific (sensitizer or amboceptor) 
property. They found, also, that between 
their two species the lysins were specific. 
They also state that the original passage 
strain can be made resistant to the lytic 
antibody by a few minutes contact with 
the immune serum in vitro (as Ehrlich 
Roehl and Gulbransen, 1909, had pre- 
viously done in their studies). This in 
vitro formation of resistant or relapse 
strains was very carefully studied by 
Levaditi and McIntosh (1910). 

Leger and Ringenbach (1911^ and Q 
studied the effects of various sera which 
were lytic to the homologous trypano- 
some upon heterologous trypanosome 
species. Although they found them to 
be in general specific they found the usual 
group relations manifested in such im- 
munological phenomena. 

Ritz (1916) has applied the method of 
Erhlich and his co-workers to the dif- 
ferentiation of relapse strains in the un- 
influenced infection with T. brmei in the 
rabbit. He worked with a single-cell 
strain and obtained much the same re- 
sults as he had previously obtained with 
mice in which the crises were artificially 
induced by partial cure with drugs. 

Very little is known of the mode of 
formation of these antibody resistant 
races of the relapse. The explanation 
advanced by Ehrlich is an integral part 
of his general side-chain theory of im- 
munity. He postulated that the proto- 
plasm of the cell was composed stereo- 
chemically of a central molecular complex 
(Leitungskern) with which the basic 
activities of life were associated and a 
number of subsidiary molecular groups or 
side-chains (Seitenketten) with which 
the purely vegetative functions arc 
associated. Of the side-chains those 
which could combine with chemical 
bodies were designated receptors or chemo- 
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receptors whereas those which combined 
more or less exclusively with food stuffs 
were differentiated as nutriceptors. His 
conception of the formation of a new race 
of trypanosomes resistant to antibodies is 
essentially that the nutriceptors of the 
original strain combine with the trypano- 
cidal antibodies of the host and atrophy, 
whereupon new receptors are developed by 
the trypanosomes which will not combine 
with the antibodies in question, and 
hence, bring about a relapse. Ehrlich’s 
explanation of the formation of cima- 
resistant races of trypanosomes is different 
from this and depends, not on the atrophy 
of the nutriceptors, but on the modifica- 
tion of the corresponding receptors. In 
spite of the brilliancy of his experimental 
work, Ehrlich’s hypothesis of “recep- 
toric atrophy,” though intriguingly 
simple, is nothing more than the re-state- 
ment of the experimental findings in 
figurative terms. 

In the work of Levaditi and McIntosh 
(1310), when the immune serum from 
guinea pigs was added to a suspension of 
the passage trypanosomes, most of the 
parasites were killed and only a very few 
remained to be injected into mice to give 
rise to the resistant strain. This led 
Levaditi and McIntosh to postulate a 
process of true selection as the basis for 
the formation of antibody resistant strains. 
In the process the susceptible ones perished 
the resistant ones repopulated the 
blood stream. 

Rosenthal (1313) gives an hypothesis 
which really differs from either of the 
former in that he maintains that the 
trypanocidal substance in the serum is 
different from that which causes the 
trypanosomes to become resistant to 
the trypanocidal activity. The latter he 
terms the “relapse substances.” This 
author tested the characteristics of his 
strains as follows: Mice were infected 


with T. iffucei^ cured with tartar emetic 
or arsacetin, and bled to give the immune 
serum possessing trypanocidal properties. 
To test the properties of the trypanosomes 
in a given mouse It was treated as above 
with tartar emetic or arsacetin and at the 
end of several days re-inoculated with 
the original strain. If it proved to be 
immune to the second injection, the 
tr3rpanosomcs of the original infection 
were said to have the properties of the 
original strain, if it proved not immune, 
the trypanosomes of its first infection 
were said to have the properties of the 
relapse strain. The author based his con- 
clusions on three sets of experimental 
findings: (i) the trypanocidal property 
of mouse-immune serum does not vary 
proportionately to its power to produce 
relapse strains; (1) the property of pro- 
ducing relapse strains is thermolabile in 
that it is destroyed when the serum is 
heated at 6o°C. for 15 minutes whereas the 
trypanocidal property is not altered by 
this treatment; and (3) the property of 
forming relapse strains is recovered with 
the albumen fraction of the serum whereas 
the trypanocidal property is recovered with 
both the albumen and the globulin fractions . 
If these findings are verified, particularly 
in the case of the trypanolysins arising 
in the uninfluenced infections in guinea 
pigs, etc., they will have a marked effect 
on our knowledge of the formation of 
these resistant strains. 

Any acceptable explanation of the 
acquisition of a resistance to antibodies 
will have to take into consideration the 
fact that the phenomenon is very wide 
spread among both free-living and para- 
sitic protozoa. The literature is too ex- 
tensive to give more than a few of the 
more important developments. Among 
the trypanosomes, the same phenomenon 
occurs in regard to other immune proper- 
ties developed in infected animals, such 
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as the “protective property” of immune 
sera. (See especially Mesnii and Bri- 
mont, 1909.) It occurs in treatment by 
drugs. Thus, if an infected animal is 
imperfectly treated with a trypanocidal 
drug and a relapse occurs, the trypano- 
somes are no longer susceptible to a dose 
of the same drug which would have cured 
the original infection. (See especially 
Erhlich, 1909. For a general review of 
these “induced variations” in the trypano- 
somes, see Dobell (1911).) Similar drug- 
resistant forms can be produced in the 
free-living species, Paramecium. (See Jol- 
los, 1911.) 

Certain facts are more or less common to 
all of these: (i) The acquisition of the 
resistance occurs within a “pure line” 
or single-cell strain. Consequently, if 
Levaditi and McIntosh mean to imply 
that a true selection of resistant genotypes 
from a “wild” population of mixed geno- 
types takes place, their explanation will 
not hold, (i) Although the resistance 
is inherited for many generations, it is 
lost in time. In the case of the parasitic 
forms, a change of vertebrate host in 
which it is grown or passage through the 
invertebrate host causes the strain to 
revert. In Paramecium it is generally 
quickly lost at conjugation (although it 
may survive one or two), but not at 
endomixis (Jollos, 1911). (3) Generally, 
even in Jollos’ work on Paramecium, the 
acquisition of the resistance is associated 
with the killing off of a large part of the 
population and is acquired by the sur- 
vivors very quickly. Thus, it seems to 
be something of a selection within the 
“pure line,” but one selection is effec- 
tive, a fact which is in marked con- 
trast to the slow effects of selection of 
such characters as Jennings and others 
have studied in the free-living protozoa. 
(Sec Jennings, 1910.) The destruction, 
with its resulting selection, according 


to the work of Rosenthal, is not es- 
sential, but his results are difficult 
to apply to the acquisition of re- 
sistance to chemicals in the free-living 
forms. In addition to these general 
characteristics, it is interesting to note 
that in the case of the formation of 
chemical-resistant strains in single-cell 
strains of Paramecium, according to 
Neuschlosz (1919), the acquisition of a 
resistance to a chemical is associated with 
the acquisition of the power to destroy 
the specific chemical or to convert it into 
a less poisonous compound. Jollos has 
classified all of these cases of acquired re- 
sistance, together with certain other 
variations which are inherited for a 
greater or less time, as persistent varia- 
tions or “Dauermodifikationen” and has 
thus differentiated them from true muta- 
tions. 

V. IKPECTIONS WITH THE NON-PATH 0 GENIC 
TRYPANOSOMES 

Although by far the majority of tryp- 
anosome species exert no observable ill- 
effects on their hosts, the only one that 
has been carefully studied is T. kwisi, 
the non-pa thogcnic trypanosome of rats. 
The enumcrativc studies of Steffen (1911) 
showed that the number curve in this in- 
fection is generally as follows: After an 
incubation period, the parasites increase 
in the blood, sometimes attaining over 
several hundred thousand per cubic milli- 
meter of blood, but if the rat does not die, 
there is a crisis in the early part of the 
infection when most of the parasites are 
destroyed; those that remain continue to 
live in the blood for some time (varying 
from several weeks to several months) 
until a second crisis occurs when all of 
them arc destroyed. Rabinowitsch and 
Kempner (1899) showed that after the 
parasites disappear the rat is immune to 
a second infection. These results have 
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been fQll7 confirmed by Taliaferro, W. H. The progressive daily changes in the rc- 
and L. G. (1911), Taliaferro (19x4) and productive activity of the parasites 
Coventry (1915). (See fig. 5.) throughout the entire infection with 

Many years before exact enumerative T. lewisi were clearly demonstrated by 
studies -were made on infections with applying the coefficient of variation 
T. lewisi, it was foun 4 from microscopical method, outlined previously. Thus, the 
studies of slides made during the course daily rate of reproduction of the parasites 
of infections in the rat that during the was represented mathematically by draw- 
first part of the infection, when the ing and measuring 100 parasites from each 
organisms are increasing in the blood, daily blood smear and calculating the 
they are actively reproducing by fission coefficient of variation from these measurc- 
but that during the latter part of the in- ments. Coefficient of variation as used 
fection they simply exist in the blood as here means coefficient of variation for 
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Fig, 5. Geaph Showing the Coefficient of Vaeiatton foe Total Length (Compaeative Measgee of the 
Rate of Rbpeoduction) and the Number of Trypanosomes per Cubic Millimeter of Blood, Through- 
out THE Course of an Infection with T. lewisi in a Rat 
This infection illustrates the condition in which there arc both an inhibition of reproduction of the para- 
sites, as shown by the drop in the coefBcient of variation to about 5 per cent by the tenth day, and a marked 
parasiticidal action, as shown by the number crisis about the twelfth day and at the end of the infection. 
^ After W. H, Taliaferro.) 

non-reproducing adults. This fact was total length. Parenthetically, it may be 
clearly brought out by Rabinowitsch recalled that the higher the rate of rc- 
and Kempner (1899) and Wasielewski production the higher the coefficient of 
and Senn (1900). Laveran and Mesnil variation will be. Thus, when the or- 
(1901) confirmed and greatly extended the ganisms first appear in the blood, micro- 
observations of these earlier workers, scopical examination reveals that they 
Furthermore, the general cessation of are reproducing at a very rapid rate and 
reproduction was common knowledge to calculation for the coefficient of variation 
the protozoologists in succeeding years. likewise gives the very high value of 15 
The retardation and final inhibition of to 30 per cent. The rate of reproduction 
reproduction was more accurately studied on succeeding days, however, as expressed 
by the present author with the by the coefficient of variation, rapidly 
assistance of L. G. Taliaferro (i9ix). decreases (x5.3, 18.8, 13.8, 3.9 per cent 
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the fourth, sixth, eighth and tenth days (i) the retardation and final inhibition 
of the blood infection, respectively) until of reproduction by about the tenth day, 
about the tenth day of the infection when (z) the sudden destruction of the majority 
no reproduction is found to be taking of the parasites between the eighth and 
place at all, at which time the coefficient twelfth days, and (3) the eventual total 
of variation is around 3 per cent. Repro- destruction of the parasites which tenni- 
duction is never resumed thereafter; that nates the infection and may take place 
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Fig. 6. Graphs Demonstrating the Passive Immunization of an Uninfected Rat with the Reproduction- 
inhibiting Reaction Product Which Has Been Formed in an Infected Rat 

Note that after reproduction had been inhibited in Seed Rat one half of its adult trypanosomes, plus a 
suitable amount of its scrum, was injected into Experimental Rat 977, while the other half of its trypano- 
somes, plus an equal amount of serum from a rat, was injected into Control Rat 380. Subsequently, 
in Experimental Rat 377 the normal cycle of reproduction was altered — there was a complete inhibition of 
reproduction as evidenced by the coefficient of variation; whereas in Control Rat 980, the normal cycle of 
reproduction took place. (The peak in the number curve of Control Rat 980 is so much higher than that of 
Seed Rat 971 because it received an enormously large number of parasites initially.) (After W. H. Taliaferro.) 

is to say, the coefficient of variation re- from a few days to several months after 
mains in the vicinity of 3 per cent through- the first crisis. 

out the remainder of the infection, which The immunological basis of the first 
may, in some cases, as previously stated, ‘ effiect of resistance has been studied by the 
extend over a period of several months. present author (1314). His work indi- 
From this work it may be said that there cates that the inhibition of reproduction 
are three manifestations of resistance: is due to the acquisition of a property of 
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the serum in the infected rat which has 
the peculiar propert7 of inhibiting re- 
production but which does not kill the 
trypanosomes. The method of demon- 
strating the presence of this property or 
reaction product is shown in figure 6 
which is an example from numerous ex- 
periments carried out by the author (1914) 
and Coventry (1915). First, an infection 
in a rat (seed rat was allowed to 
progress until the tenth day when the 
parasites were no longer reproducing and 
the' coefficient of variation was in con- 
sequence 3 per cent. The rat was then 
killed and bled, and its serum collected. 
The serum (which contains the reaction 
product or immune body) was separated 
from the adult trypanosomes present by 
centrifugation. This serum in a dose of 
1 cc. per 100 grams of rat together with 
half of the adult trypanosomes was in- 
jected intravenously into experimental 
rat 977 while a similar dose of normal 
serum together with the other half of the 
adult trypanosomes was injected intra- 
venously into control rat 980. Daily 
examinations and calculations for the 
coefficient of variation for total length 
for these two rats showed that the tryp- 
anosomes in experimental rat 977 lived in 
the blood for eleven days (infection died 
out at this time) without showing any 
reproduction (the coefficient of variation 
never exceeded 3 per cent, and further- 
more, the organisms never increased in 
the blood and no dividing parasites could 
be found); whereas in control rat 980 
reproduction began on the second day 
and followed the course of a normal 
infection (the coefficient reached the high 
peak of X5 per cent between the fourth 
and sixth days, and as was to be expected, 
the organisms showed a marked increase 
in numbers in the blood and many divid- 
ing parasites were found). In these ex- 
periments it is to be noted that not only 
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did the immune scrum, viz., the scrum 
taken from the seed rat on the tenth day, 
prevent “adult’* trypanosomes from re- 
producing in a new rat, but that normal 
rat serum did not prevent similar adult 
parasites from reproducing in a similar 
new rat. This is a clear-cut case of the 
passive transfer of the immunity from an 
infected to an uninfected rat. 

The changes in titer of this reaction 
product through the course of an ordinary 
infection has been studied in detail by 
Coventry (1915). She was unable to 
demonstrate its presence in serum prior to 
the fifth day of the infection although it 
is probably present since by the fifth 
day the rate of reproduction has already 
begun to decrease. She found a sudden 
and very great increase in its titer between 
the fifth and sixth days of the infection 
with a subsequent gradual increase until 
the thirty-fifth day after which there 
was a gradual decrease. 

As the formation of this reaction 
product, which inhibits the reproduction 
of the parasites without affecting their 
vitality, emphasizes a new effect of re- 
sistance, the present author has at- 
tempted to compare it with other known 
immune bodies (unpublished work and 
Taliaferro, 192.5). Like most reaction 
products or antibodies, this one is non- 
ether soluble and is precipitated with the 
globulin fraction of the immune scrum. 
Strange to say, it comes down equally 
with the eu- and pscudoglobulin. It 
differs from others, however, in its lack of 
in vitro affinity for its supposed antigen. 
Thus, when serum containing it is left in 
contact for 11 hours with large numbers 
of dividing T. lemist and the parasites 
subsequently removed, the serum does not 
lose any of its titer. 

As far as the author is aware there has 
been neither any experimental work nor 
any explanation advanced to account for 
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the second manifestation of resistance, 
i.e., the first number crisis which occurs 
between the eighth and twelfth day of 
the infection. 

Some work, however, on the immuno- 
logical basis for the immunity of re- 
covered rats to a second infection with 
T. kwisiy has been done and probably ex- 
plains the third manifestation of re- 
sistance, i.e., the crisis which terminates 
the infection. Laveran and Mesnil (1901) 
came to the conclusion that this immunity 
as well as the final disappearance of the 
parasites is due to the phagocytosis of 
the living trypanosomes. MacNeal 
(1904), on the other hand, has obtained 
experimental evidence that the final dis- 
appearance of the trypanosomes is due to 
a trypanolytic process, just as has already 
been described for the crises in the patho- 
genic forms. Manteufel (1909) also holds 
that phagocytosis is only a secondary 
function and that the immunity rests upon 
the trypanocidal or trypanolytic property 
of the serum. The present author (1914) 
has confirmed MacNeal’s work that a 
lysin is formed at the termination of the 
infection. His work indicates, however, 
that this lysin which terminates the in- 
fection disappears from the blood and is 
not the basis of future immunity, but that 
this is bound up with the reproduction- 
inhibiting reaction product described 
above. Let us consider how this might 
be. A rat recovered from an infection of 
T. kwisi possesses, let us say, in its blood- 
stream the reproduction-inhibiting reac- 
tion product but no tiypanolysin. Under 
ordinary conditions it receives compara- 
tively few forms from either injection or 
from infected fieas . These find their way, 
eventually, into the blood and exist there, 
at least for a time, but being unable to 
reproduce, can not set up infection. Dur- 
ing this time even though examinations 
of the blood are made no tiypanosomcs are 


found because they have been dispersed 
throughout the rat. The reproduction- 
inhibiting reaction product, therefore 
prevents the occurrence of a normal infec- 
tion although it allows a few stray forms 
to live on in the blood. 

VI. COMPARISON or THE LETHAL AND NON- 
LETHAL TRYPANOSOMES 

A consideration of all of the known 
trypanosome species brings out the fact 
that most of them are, as far as can be 
seen, non-pathogenic parasites (com- 
mensals) just as T. lewisi is in rats. There 
is a growing mass of evidence that 
even many of the well-known patho- 
genic forms, which produce such fatal 
diseases in man and domesticated animals 
live as non-pathogenic forms in their 
natural vertebrate hosts. Thus, T. gam- 
hiense may be a harmless commensal of 
the antelope and other wild game of 
Africa. This at once leads to the sug- 
gestion that whether or not a given 
species is pathogenic depends upon the 
reactions of the host. A comparison 
of the resistance which a host acquires 
against the pathogenic forms and th^ 
resistance of the rat against the non- 
pathogenic T. lewisi is very interesting in 
this connection. It has been seen that in 
the pathogenic trypanosomiases, the host 
either acquires no resistance (mouse) or 
periodically forms a trypanolysin which 
produces a number crisis (guinea pig, dog, 
etc.). In the second case, the resistance 
is never permanently effective because the 
parasites are never all killed and those 
which remain, after becoming resistant 
to the antibody, can continue to reproduce 
at an uniform rate. In the non-patho- 
genic T. lewisi^ however, the host first 
produces an antibody which completel/ 
inhibits reproduction (cell-division) in 
the parasites. Thereafter, each number 
crisis is so much gained by the host be- 
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cause the parasites cannot rc-populatc 
the blood stream even if they should 
become resistant to the trypanocidal 
mechanism. It is possible then that the 
formation of a reproduction-inhibiting 
reaction product, in conjunction with 
trypanocidal antibodies, would convert 
an otherwise lethal parasite into a non- 
Icthai one. Van Saceghem (1913) sug- 
gests that the presence of such a reproduc- 
tion-inhibiting property causes the patho- 
genic trypanosomes to become harmless 
commensals in wild animals. Brown 
(19143^ and has studied a strain of T. 
lewisi, which was pathogenic to rats. 
In considering his second paper, the chief 
anomalies of his pathogenic strain can be 
explained on the assumption that it con- 
tinued to reproduce much longer than 
normal strains. This indicates that in a 
rat no longer capable of forming the 
reproduction-inhibiting antibody, the 
parasite becomes pathogenic. Similarly, 
the author has observed apparent lethal 
infections with T, letvisi in which the 
reproduction of the parasites was never 
completely inhibited. 

Another example of the so-called patho- 
genic trypanosomes becoming non-lethal 
to their hosts is seen in the Bovidae. 
Most of our knowledge of this type of 
infection, which has been fully described 
by Laveran (1911) and Mesnil and Leger 
(1911), has been derived from work on 
goats and sheep where the infection is 
generally of such a low grade that the 
parasites can not be found by micro- 
scopical examination but their presence 
can be demonstrated by subinoculations 
into mice. Such an infection persists for 
from one to several months whereupon 
the host recovers and is more or less re- 
fractory to a second infection with the 
same species of trypanosome. It is, of 
course, impossible to analyse the effects 
of resistance in this type of infection as 


we have done in the preceding infections 
because the trypanosomes can not be found 
microscopically in the blood. Similarly, 
there is little indication of what the im- 
munological basis for this type of infec- 
tion may be. 

One outstanding feature of the serum of 
animals that show a chronic (viz., sheep) 
or even sub-acute (viz., the rabbit) infec- 
tion is that it is potective. If scrum from 
such an infected animal be injected simul- 
taneously with trypanosomes from the 
passage strain, it will either delay or 
completely inhibit the infection. Such 
serum is not curative, i.e., it does not pro- 
long the life of mice if injected after the 
infection has progressed for even a day 
or so. 

This immune property will only be 
mentioned since, so far, there is no direct 
evidence that it is connected with, or is 
the basis for, the chronic or low grade 
type of infection. The protective property 
of immune serum was probably first 
observed by Rouget (1896) who found that 
the serum of rabbits and dogs which were 
infected with T. equiprdum and had 
become cachetic exerted a protective ac- 
tion on mice infected with the same 
trypanosome, as measured by their sur- 
vival time. By far the most careful work 
on it was done by Mesnil and Brimont 
(1909) who worked with T. evansi^ T. hrucei 
and T. togoUnse (= nagana of Togoknd). 

In the consideration of the pathogenic 
trypanosomes in various laboratory ani- 
mals, it has been stated repeatedly that 
reproduction occurs uniformly throughout 
the infection. Some of the work of 
Robertson (1911) on T. gambiense in the 
monkey indicates that an endogenous 
cyde of reproduction occurs in which 
phases of active reproduction alternate 
with phases of lessened reproduction. 
She measured the rate of reproduction by 
ascertaining the percentage of dividing 
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forms on successive days — a metliod which 
is undoubtedly valid but which possesses 
a drawback in that the comparative scar- 
city of dividing forms makes it difficult to 
obtain statistically valid samples. With 
her data, however, which contains the 
length of trypanosomes from day to day, 
the present author has applied his coeffi- 
cient of variation method and has found 
that Robertson’s conclusions are sound, 
but that even at the periods' of least 
reproduction, reproduction is nevertheless 
occurring at a comparatively high rate. 


VII. MALARIAL INFECTIONS 

Among the malarial parasites, the most 
complete knowledge of the course of the 
infection has been obtained from a study 
of Flasmodium relicmm^ the parasite of 
sparrows and probably of other birds. 
This is due to the fact that this organism 
is well-adapted to laboratory work not 
only because it is easily grown in the 
domestic canary but can be transmitted 
from one bird to another by injections of 
infected blood. Our knowledge of the 



Furthermore, there is some evidence that 
the original strains of parasites in Africa 
show these alternate phases of reproduc- 
tive activity, but that by continuous sub- 
inoculation in the laboratory, the rate 
becomes constant. Consequently, al- 
though Robertson’s results arc of a 
great theoretical interest, they do not 
invalidate the general deductions made in 
this and other sections on the pathogenic 
tr3rpanosomes, since reproduction was never 
completely and permanently inhibited, as 
in the case with T. lewisi in the rat. 


progressive changes in the number of 
parasites in the blood has accumulated 
from the work of many investigators. 
Exact enumerative studies have been 
made by the Sergents (see especially 1918), 
Ben Harel (1913), Taliaferro, L. G. (1915) 
and Boyd (1915). 

In general the course of the infection 
may be divided into the following periods, 
as is shown in figure 7: (i) After the 
introduction of the parasites (whether by 
the bite of a mosquito or injection) there 
is an incubation period during which no 
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parasites can be found in the blood and the 
length of which is, according to Boyd, 
largely correlated with the number of 
parasites received. (2.) The acute stage 
is initiated when they appear in the blood 
and extends over a period of 3 or 4 days 
(sometimes more) during which the para- 
sites are rapidly increasing in number. 
According to L. G. Taliaferro (192.5), 
the rate of this increase is uniform and 
follows the formula for a geometrical 
progression series. Even during this 
acute period when the number of parasites 


the developed infection. During this 
period, comparatively few parasites arc 
found in the blood although they may 
fluctuate in numbers to a certain extent. 
(5) In time all of the parasites apparently 
disappear from the blood and give rise to 
what is termed the latent period. Al- 
though they cannot be found, a few 
parasites must be present since Whitmore 
(1918) has shown that blood taken at 
this time is infective to other birds, and 
Mazza (1914) has found a bird infective 4 
years and i months after infection. (C) 
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Fig. 8. Acute Infection and Crisis in an Infection with P. Relictdm in a Canary Showing the Mean 
Size of the Asexual Forms at 4-HOUR Intervals and the Number of Parasites per 10 Red Blood jCells 
The distance between peaks of the mean is a measure of the rate of reproduction which is independent of the 
number of parasites destroyed. (From data by L. G. Taliaferro.) 


are increasing most of the young mero- 
zoites produced at each sponilation die 
(L. G. Taliaferro, 192.5). Hartman 
(1916) has made a very careful study of 
the mortality at this time. (3) If the 
bird does not die, the acute period is 
terminated by a crisis which sweeps the 
majority of the parasites from the blood. 
Sometimes there may be several acute 
rises in the number of parasites, each 
followed by a crisis. (4) Following the 
crisis, a low grade infection ensues which 
is variously termed the chronic stage or 


At any time during the latent period the 
injection of adrenalin or any condition 
which lowers the bodily resistance of the 
host, such as exposure, etc., may cause 
the parasites to reappear in the blood. 
Such a reappearance is called a relapse. 

The number crises which terminate the 
acute, chronic and relapse periods leave 
little doubt that some type of resistance 
is acquired which destroys large numbers 
of the parasites after they are formed. 
Unlike T, kwisi, however, this is not 
associated with any retardation of the 
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rate of reproduction of the parasites 
according to an extensive study made by 
L. G. Taliaferro (192.5). By using, as a 
measurement of the rate of reproduction, 
the length of time necessary for each 
asexual generation, which has already 
been explained, she found that no matter 
when the organisms are studied, whether 
in the acute, chronic or relapse periods, 
the length of the asexual cycle is the 
same (14 hours in one strain). This fact, 
in conjunction with the fact that the 
average number of merozoites produced 
by each mature segmenter does not vary, 
furnishes evidence for the conclusion 
given above that there is no noticeable 
effect on the rate of reproduction p^r se. 
One interesting fact disclosed in this work 
is that although the parasites can not be 
studied in the latent period she found that 
each stage in the cycle took place at just 
the same time in the relapse as it did in 
the acute and chronic periods indicating 
that the asexual cycle had continued un- 
disturbed throughout the latent period. 
She gives the following as the probable 
effects of resistance. 

In conclusion, it seems that the probable picture 
of an infection with bird malaria is somewhat as 
follows: After the incubation period the asexual 
stages of the parasites are to be found in the periph- 
eral blood in varying numbers during the entire 
course of the infection and undergo their cycle of 
development and reproduction at the same rate 
throughout. From the very beginning, only a num- 
ber of the merozoites are viable; this probably repre- 
sents a natural resistance of the host. During the 
first part of the infection relatively few parasites arc 
killed, so that they accumulate in the blood and give 
rise to the acute stage of the infection. Sooner or 
later, however, as the acquired resistance is built up, 
a large proportion of the parasites are killed. There 
may then be a temporary relapse, but eventually the 
destruction of the parasites equalizes or exceeds the 
number produced by reproduction, and the chronic 
period or low grade of blood infection ensues. In 
time, the destruction becomes so great that no para- 
sites can be found in the blood (latent period), but 
their presence can be demonstrated by Whitmore’s 


technique. This continues until some condition 
such as the injection of adrenalin, temporarily stops 
the destruction and the parasites accumulate again 
causing a relapse. 

It is difficult to study uninfluenced in- 
fections of malaria in man because most 
of them are treated with quinine. Ross 
and Thomson (1910^) have, however, 
made a very precise enumerative study of 
the human infection. From the general 
experience of most workers it seems prob- 
able that the course of the infection of 
both ?. nmx, the benign tertian para- 
site of man, and P. malariae^ the parasite 
of quartian fever, is very similar to that 
of bird malaria. P. falciparum, the para- 
site of malignant tertian fever of man as 
well as certain avian malarial parasites, 
on the other hand, offer difficulties in 
analysing the effect of resistance because 
as a rule only sexual stages occur in the 
peripheral blood, the asexual cycle taking 
place in the capillaries of the internal 
organs where it is inaccessible for study. 

There is no conclusive evidence as to 
the immunological basis for the destruc- 
tion of the malarial parasites which occurs 
to such a great degree at the crises and to 
a lesser extent throughout the rest of the 
infection. At these times, Ben Hard 
(1913) has noted a marked increase in the 
number of large mononuclear phagocytes 
in which, furthermore, she has observed 
some evidences of parasitic phagocytosis. 
Consequently^ she believes that the in- 
crease in mononuclears is associated with 
the decrease of the parasites. It is also 
a well-known fact that after the crisis, a 
marked splenomegaly occurs, and that 
large numbers of parasites in various 
stages of disintegration can be found in 
the spleen during this time. No evi- 
dence is at present available, however, to 
show whether these wandering mono- 
nuclears and fixed-tissue phagocytes of 
the spleen and other organs are the pri- 
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mary cause of the destruction or arc simply 
clearing up debris in the form of parasites 
already killed by some other agency. 

VIII. CONCLUSIONS 

As this review is itself essentially a 
summary, the author will list here only 
a few of the more salient facts which have 
, been brought out by the present discus- 
sion. The authorities for these state- 
ments may be found under the sections 
' listed at the end of each statement. 

I. After blood parasites, such as are 
considered in this paper, have success- 
fully invaded their hosts, if there is no 
resistance operative, they will increase 
in the blood uniformly according to a 
geometrical progression series (Section II). 

1. The acquired resistance of the host 
can modify such a uniform increase in 
one or both of two different ways: (i) 
by parasiticidal effects, i.e., by killing the 
•parasites after they are formed; or (1) 
by inhibiting their rate of reproduction 
(Section II). 

3. The sum total of the effects of the 
host’s resistance can be evaluated by 
studying the daily changes in the number 
of parasites throughout the course of the 
infection. By using indirect measures 
of the rate of reproduction of the para- 
sites (coefficient of variation for total 
length in the trypanosomes or changes in 
mean size in the malarial organisms), in 
conjunction with the number curve, the 
two effects of the host’s resistance can 
be differentiated (Section II). 

4. In the pathogenic trypanosomes in 
the mouse, the host acquires no appre- 


ciable resistance, either affecting the rate 
of reproduction or exerting parasiticidal 
effects on the trypanosomes (Section III). 

5. If the same pathogenic trypanosomes 
arc grown in such hosts as the guinea pig, 
there is no effect on the rate of reproduc- 
tion, but there arc parasiticidal effects 
causing periodic number crises. These 
crises result from the production of 
trypanolysins. These lysins remain in 
the blood, and, if the host docs not die, 
the parasites become changed biologically 
so that they are resistant to the antibody, 
and hence, are able to re-populate the 
blood stream (Section IV). 

6. In infections with Trypanosoma Uwisi 
in the rat, resistance manifests itself both 
in parasiticidal effects (number crises) and 
in the inhibition of reproduction of the 
parasites. The parasiticidal effects may 
be due (at least at the termination of the 
infection) to trypanolysins. The inhibi- 
tion of reproduction is the result of the 
acquisition of a property by the immune 
serum which prevents cell division of the 
parasites, but which does not kill them 
(Section V). 

7. The relation between the pathogenic 
and non-pathogenic trypanosome infec- 
tions is discussed in detail (Section VI). 

8. In the malaria parasite of birds 
(Plasmodium relktum)^ a marked para- 
siticidal effect of resistance is manifested 
both at definite number crises and through- 
out the latter part of the infection. This 
is, however, not associated with any 
inhibition of the reproduction of the para- 
sites. The immunological basis for the 
parasiticidal effects are not definitely 
known (Section VII) 
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FREEZING AND SURVIVAL OF INSECTS AT LOW 
TEMPERATURES 

Br NELLIE M. PAYNE 

University oj Minnesota 


1 "^ XTREMES of temperature are 
i important factors in the 

1 ecolog7 of all animals. 

Low temperatures affect the 
geographical distribution of insects, their 
cold resistance, rate of metabolism, be- 
havior, and in some cases even their color 
and structure. This paper is the result 
of studies of the effect of low temperatures 
on cold resistance in insects with especial 
reference to temperatures below the freez- 
ing point of water. 

Three ecological groups of insects were 
chosen for study: (i) the oak borers 
living close to the outer surface of the 
bark, normally exposed to extremes of 
low temperature; (i) aquatic insects 
living in lakes, never exposed to tempera- 
tures lower than o°C.; (3) insects infesting 
stored products. 

The necessity for the endurance of low 
temperature is a fundamental one which 
must be met by all organisms living in 
Northern climates. The literature on the 
biological effects of low temperatures is 
enormous. Literature relating to both 
plants and animals is cited in this paper 
for the reason that plant physiology has 
been advanced to a farther stage than 
insect physiology and offers many sug- 
gestions to workers in the animal field. 

I. LITERATURE ON THE EFEECTS OP LOW 
TEMPERATURE ON PLANTS 

There is an extensive and scattered 
literature on the freezing and hardening 


in plants and on allied physiological 
effects of cold. It is interesting to dis- 
cover that very early in the history ^of 
plant physiology, observations took on a 
quantitative aspect. Workers in this field 
of plant physiology include some of the 
foremost plant physiologists, as for exam- 
ple, Sachs and Pfeffer. 

In plants, death from freezing has been 
considered to be due to the following 
causes: (i) mechanical injury from ice 
crystal formation, (1) water loss either 
direct or indirect through permeability 
changes in the cell membrane, (3) pre- 
cipitation of proteins or other irreversible 
chemical effects. The order given in 
general follows the historic development 
of the study of cold effects on plants. 

Duhamel and Buffon (1731) held that 
death from freezing was due to the rupture 
of tissue from ice crystals formed in 
freezing. Morren (1851) found no his- 
tological evidence in favor of this theory. 
Goppert (1819) found that ice formation 
took place in both cells and cellular 
spaces. Sachs (i860) discovered that in 
the process of freezing water was with- 
drawn from the cells to freeze for the most 
part in the intercellular spaces. From 
another source evidence was obtained 
against the cell-rupture theory when 
N%eli (i860) calculated the expansion of 
all the water in a cell at freezing and 
found that the total expansion was in- 
sufficient to cause rupture. However, 
disproving that cell rupture is the cause 
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of death from low temperatures is not the 
equivalent of finding the cause of death 
from low temperatures, nor docs the nega- 
tive result obtained throw much light on 
the subject of death from this cause. 

Water loss both direct and indirect was 
the next explanation for injury and death 
at low temperatures. Water loss from 
frozen tissue on thawing was observed 
, by Goppert (1819). Prilleux (1869) dis- 
covered that water was exuded from the 
cells in the freezing process. Sachs (i860) 

’ noted that water exuded from the cells 
was “reabsorbed’* or was lost by evapora- 
tion. Injury from freezing was thought 
to be due essentially to a dehydration. 
Another effect of low temperature anal- 
ogous to the effect from freezing was 
dehydration at low temperatures above 
the freezing point. Water intake and 
water transportation at low temperatures 
is not rapid enough to balance transpira- 
tion. The plant exposed to such tempera- 
' tures may wilt and finally die from the 
effects of low temperature without ever 
being frozen. Sachs (i860) points out 
these two dehydration effects of low 
temperature. 

As an outgrowth of the more simple 
theory of direct water loss comes the 
theory of injury from water loss due to 
alteration of the permeability of the cell 
membrane at the time of freezing. Loss of 
water according to this view is not the 
primary cause of death from freezing, but 
permeability changes are. Maximow 
(1911) worked on sections of red cabbage 
and Tradescantia. He came to the conclu- 
sion that the part of the plant that was 
injured by low temperature was the 
plasma membrane. The immersion of sec- 
tions of plant tissue in various solutions 
influenced the freezing point. Substances 
that enabled the cells to withstand a 
lower temperature than normally were 
called “Schiitzmitteir* or protective sub- 


stances . The degree of protection afforded 
by different substances was proportional 
to the eutectic point when the molecular 
concentrations were the same. Chandler 
(1913) came to the conclusion that the 
cause of death from freezing -was due to 
mechanical injury of the plasma mem- 
brane. Death from freezing was limited 
to one condition, namely, the condition 
of brown wilted tissue resulting from 
exposure to freezing temperatures and sub- 
sequent thawing. Poor metabolism due 
to low temperature was not studied in 
Chandler’s paper. 

The third theory considers protein 
precipitation in the frozen cells ac- 
countable for death from freezing. The 
first man to elaborate this theory was 
Gorke (1906). His evidence was derived 
from plant cells and from solutions of 
proteins. The degree of hardiness in 
plants was correlated with the ease or 
difficulty with which their proteins were 
precipitated. In non-hardy begonia 
leaves protein precipitation took place at 
— 3®C., in rye at — i5°C., and in pine 
needles at “-4o°C. Schaffnit (1910) found 
that rye protein from plants grown under 
greenhouse conditions was more easily 
precipitated than rye protein from plants 
grown under outdoor conditions. Schaff- 
nit ’s work will be taken up again when 
hardiness is discussed. Harvey (1918) 
found that a correlation existed between 
protein precipitation and hardiness. The 
influence of increased sugar content noted 
by Lidforss (1907), by Schaffnit (1910), 
and by later workers may be primarily 
as a protection to the proteins against 
precipitation, although such solutes would 
also lower the freezing point. Harvey 
(1919) laid emphasis on the relation of 
epidermal coverings to undercooling. He 
considered that concentration of cell 
solutes played a minor r 61 c in the deter- 
mination of cold resistance in plants, the 
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principal effect coming from the precipi- 
tation of protein tinder the changed con- 
ditions produced by ice formation. 

The development of hardiness in plants 
and the correlation of physical condition 
of cell colloids and of osmotic concentra- 
tion of solutes with hardiness, is at present 
one of the extensively cultivated fields of 
plant physiology. By hardiness is meant 
the resistance of plants to low tempera- 
tures. Harvey has defined this term as 
the ability of a plant to survive ice forma- 
tion within the tissues. The present 
writer uses the more general definition 
given first on account of the fact that 
the term hardiness has been used in the 
broader sense in much plant literature, 
and also for the reason that cold resistance 
in animals has not been studied suffi- 
ciently for us to know definitely the under- 
lying ceil changes that are responsible for 
increased resistance to cold. 

Plant hardiness has long been of in- 
terest in horticulture and agriculture. 
Efforts to produce frost hardy plants are 
some of the new developments arising 
from the application of plant physiology 
and genetics. Factors that make for 
plant hardiness were studied in detail by 
Gorkc (1906). Schaffnit (1910) found 
that cold hardiness in rye was increased 
by exposure of rye to low temperatures 
during growth. Lidforss (1907) noted 
that the sugar content of pine needles in- 
creased with the oncoming of winter. 
Maximow (1911) found that he could 
induce hardiness in plant tissues by 
soaking them in solutions of non-toxic 
substances. Among the substances used 
were glycerine, sucrose, mannite, and 
various nitrate salts. Rosa (1911) comes 
to the conclusion that any process which 
will bring about a material decrease in the 
rate of growth will result in an increase in 
hardiness. Decreasing the water con- 
tent, increasing the amount of hydro- 


phylic colloids present or increasing the 
water holding capacity of these colloids 
will result in an increase of hardiness, 
according to this investigator. Harvey 
(1918) studied the development of hardi- 
ness in plants and comes to the following 
conclusion. 

The priflcipal effect of the hardening process for 
cabbages is a change in the constituents of the 
protoplasm which prevents their precipitation as a 
result of the physical changes incident upon freezing. 
The proteins are changed to forms which are less 
easily precipitated. This is indicated by an increase 
in the amino-acid content of the cabbage plants on 
hardening. 

.... The effects of desiccation, freezing, and 
plasmolysis arc considered to be similar in that ail 
these processes cause changes in the hydrogen-ion and 
salt concentration. 

Studies on the concentration of the sap 
and its relation to hardiness have been 
made by Gortner and Harris (1914). 
Tropical plants have a lower osmotic con- 
centration and a lower pressure than do ■ 
plants of temperate zones. Newton 
(1914) worked on the relation of the con- 
centration of cell sap to the winter kill- 
ing of different varieties of wheat. The 
ability of the cell colloids to adsorb water 
was taken as a measure of the cold re- 
sistance of winter wheat. The process of 
hardening in this case is thought to be the 
process of water adsorption and water 
retention by the hydrophilic colloids. 

The relation of water content to winter 
hardiness was stressed by Johnson (1919, 
192.1, and 192.3). He used water content 
as an index to the hardiness of peach buds. 
Newton found that water content 

of winter wheat was a partial index to 
hardiness. 

There is another aspect to the subject of 
freezing that was brought out by Muller- 
Thurgau (1880). He distinguished be- 
tween freezing and death from freezing. 
He also contributed to the theory of 
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freezing and made valuable observations 
on low temperatures of trees in winter. 

Goppert (1839) held that rapid thawing 
would cause death after free2ing but slow 
thawing would enable plants to survive. 
He cited examples of saving plants by 
* thawing them in cold water. Miiller- 
Thurgau (1880) compared the rate of 
thawing in air and in water of the same 
temperature and found that the rate of 
thawing in water was greater than the 
rate in air. A wide series of plants were 
’ tesfed for injury after slow thawing and 
after rapid thawing. Some plants showed 
typical spots of frost injury but were not 
killed, others showed no injury, and still 
others were killed outright. Miillcr- 
Thurgau (1880) concluded that rate of 
thawing was not closely correlated to 
survival after freezing, and that plants 
that would be killed by rapid thawing 
could not be saved by slow thawing. 

Miiilcr-Thurgau (1880) figures ice crys- 
tals in his first paper and also “Eisdriisen’* 
or ice glands — centers of crystallization. 
He also gives a method for determining 
the amount of water formed into ice. He 
concludes that there can be no freezing 
to death without first ice formation. 
Death does not precede freezing but fol- 
lows it. He also gives extended figures 
on the winter temperatures of the north 
and south sides of trees, and shows the 
alternate freezing and thawing to which 
trees arc subjected. This last phase of 
his work is important in the present con- 
siderations for the oak borers are exposed 
to the same conditions as the trees which 
they inhabit. 

Mulicr-Thurgau (1880, 1886) found that 
plant sap froze at higher temperatures 
than the whole plant. He explains this 
higher freezing point on the basis of capil- 
larity and structure of protoplasm. The 
intact plant is able to hold its water and 
prevent parr of it from freezing. Alto- 
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gether these papers of Miiilcr-Thurgau 
form one of the most important contribu- 
tions to plant freezing and hardening. He 
also made some general observations on 
freezing in animals. On account of the 
importance of the study of tree tempera- 
tures in the study of the oak borer group, 
the following work is quoted. Emerson 
(1889) studied the temperatures of tree 
trunks in Nebraska. Squires (1894) and 
later Harvey (1913) studied the tempera- 
tures of trees in Minnesota. Graham 
(1910, 1912.), made a study of tree tem- 
peratures with special reference to the 
maximum temperature endured by insects 
living under the bark. The influence of 
the color of the bark on the temperature of 
the cambial layer was stressed by both 
Graham and Harvey. Black bark has » 
higher temperature at a given air 
temperature than white bark. In winter, 
according to Harvey, there may be as 
much as 15 °C. difference between the 
temperature of the north and of the 
south sides of trees. Alternate freezing 
and thawdng of a living cambial layer is 
produced by alternation of sunlight and 
shadow when a cloud passes. 

II. LITERATURE ON THE EFTECTS OF LOW 
TEMPERATURE ON ANIMALS WITH 
SPECIAL REFERENCE TO INSECTS 

The progress of low temperature studies 
on insects has not been as rapid, nor has 
the quantitative aspect been emphasized 
as much as has been the case in plant 
physiology. The large economic losses 
from tender plants and the consequent 
desire to develop hardy varieties have had 
no counterpart in applied entomology, 
with the exception of some work concern- 
ing the insecticidal effects of low tempera- 
ture over given periods of time. 

The problem of hardiness in insects is 
essentially a part of the problem of hiber- 
nation. Animals that live in cold cH- 
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mates must adapt themselves to the condi- 
tions as they are, or avoid these conditions 
by migration to wanner or better protected 
places. This paper deals with animals 
that are so situated that they cannot 
avoid the low temperatures of winter but 
must take the temperature just as it is. 

Allied to the problem of hibernation 
is the question of heat regulation which 
plays an important part especially in the 
hibernation of mammals. Rasmussen 
(1916) gives a summary of the different 
theories of hibernation. During hiberna- 
tion homoiothermai animals become 
poikilothermic. In this latter state they 
arc able to endure cold and starvation 
which under other conditions would be 
fatal. The hibernation of mammals may 
throw some light on the allied problem, 
the hibernation of insects. Low tem- 
perature, high concentration of carbon 
dioxide, and periodicity, were the chief 
factors proposed as causes of hibernation. 
An incompletely homoiothermic mecha- 
nism was associated with hibernation. 
The influence of low temperature on the 
production of a state of lethargy holds 
for insects as well as other animals. 
Periodicity has been emphasized by many 
workers. The question of a heat regu- 
lating mechanism is not fully settled, but 
there is some evidence from the work of 
Newport (1837), Bachmetjew (1901), 
and Pirsch (19x3) that insects do have a 
slight control of their bodily temperatures 
under different environmental conditions. 

The earliest literature on insect hiberna- 
tion is gleaned from collectors’ notes and 
simple observation that insects are found 
at low temperatures or do pass the winter 
out-of-doors. These notes will be passed 
over, as they do not contribute vitally to 
the subject in hand. 

Aristotle knew that insects hibernated, 
but did not seek an explanation for this 
phenomenon. 


One of the most striking characteristics 
about the state of hibernation is its 
periodicity. Even the name suggests this 
characteristic. Kirby and Spence (1818) 
view the phenomenon of hibernation as 
periodic, although this is not explicitly 
stated. The action of cold it is pointed 
out is not sufficient to account for the 
state of hibernation. Insects in hiberna- 
tion, it is noted, are able to withstand 
extremes of low temperature, fatal to them 
in the active state. The statement is 
also made that insects frozen as solid* as 
a block of ice can live after being thawed 
out, but that some insects die from the 
effect of cold before the freezing point is 
reached. Hibernation is looked upon as 
a provision against starvation at a time 
when the food of insects, whether herbiv- 
orous or carnivorous is no longer ob- 
tainable. 

Baumberger (1917) makes much of the 
factor of periodicity. Hibernation, ac- 
cording to this author, is essentially a 
rhythmic phenomenon. It does not occur 
in tropical insects and is not well fixed in 
animals more or less protected from winter 
temperatures. The most fixed and the 
most periodic hibernation periods occur 
in animals exposed to winter tempera- 
tures habitually. 

The meaning of the state of hibernation 
especially in regard to change or lack of 
feeding in this state was observed experi- 
mentally by Reaumur (1740) and by 
Huber (1791) in bees. Bees were ob- 
served to be active inside their cluster 
throughout the winter. Rdaumur ob- 
served that less food was eaten by a hive 
kept in the cold than one kept in a warm 
place. Clustering, according to this 
author, was a manifestation of torpidity. 
Huber considered that the winter cluster 
was not the result of torpidity but rather 
a means of avoiding torpidity by keeping 
the temperature high. 
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The state of lethargy in caterpillars was 
observed by Vaudoner (iSzy). He noted 
especially its essential periodicity and ob- 
served that this state was not due en- 
tirely to lack of food or to low tempera- 
tures. Vaudoner ’s work has been largely 
' overlooked by later biologists. Scudder 
(1889) found that some caterpillars went 
into a state of lethargy or premature 
hibernation at midsummer. Others con- 
tinued feeding till the onset of severe 
weather. Between the state of hiberna- 
' tioh and activity were shorter and less 
completely passive periods in the life of 
some caterpillars. The idea of hiberna- 
tion as a comparative state rather than an 
absolute state is here expressed though 
not explicitly. This idea will reappear 
again when the subject of cold resistance 
is taken up. Hibernation of partial 
broods is considered by Scudder as a means 
for preserving the species. Thus if part 
of a group of feeding caterpillars go into 
a state of lethargy at one time and part 
at another, the chances for the survival 
of the species is better. 

Associated with hibernation are other 
low temperature effects such as the freez- 
ing point of insects under different con- 
tions, undercooling, hardiness, and 
lowered rate of metabolism. The rate 
of metabolism will not be discussed in 
this paper except in so far as it bears 
directly on the general problem of hardi- 
ness. 

The observations of cold resistance in 
insects are scattering and often in- 
definite. A certain insect seen on a cold 
day, or revived after being exposed to 
winter temperatures, is a common type of 
observation. However, not all the ob- 
servations are of this indefinite kind, for 
Rdaumur, who was interested in tempera- 
ture, was making measurements of the 
temperatures borne by some little larvae 
found in wood. Reaumur (1736) placed 


small larvae In a freezing mixture of 
marine salt and water. The larvae were 
placed in a glass tube and the temperature 
of the freezing mixture taken. Larvae 
were able to withstand —8® or —9® 
Reaumur without perishing. These ex- 
periments were performed in the years 
1708 and 1709 but were published in his 
monumental work Mimoms pur smir h 
rHistoire des Insects s. In this work he 
also quotes an experiment of Lister who 
found that insects frozen so hard that 
they sounded like stones when dropped 
into a glass survived. This experiment 
has been requoted many times and has 
entered into current thought regarding 
the subject of survival from freezing. 
The fact of becoming stiff, even hard, may 
not be a proof that the insect is actually 
frozen, although workers today as well 
as in the i8th centuty, assume the two 
states to be identical. 

The taking of individual temperatures 
of insects was first accomplished by 
means of small mercury thermometers. 
Davy (1816), Rcnggcr (1817), Rcgnault 
(1819), and Hausmann (1803) were 
pioneers in this work. Newport (1837) 
conducted extensive studies on tempera- 
tures of insects of several species and repre- 
senting four orders. These workers laid 
the foundation for later work on insect 
temperature and cold resistance. 

By far the most comprehensive work 
dealing with the subject of insect tempera- 
ture up to the present time is the work of 
Bachmetjew (1901). He summarized the 
work of his predecessors, performed num- 
erous experiments and formulated con- 
clusions regarding insect temperatures 
and cold resistance in insects. He used 
the thermocouple to measure the tempera- 
tures of insects and to record freezing 
points. He emphasized the time rate of 
cooling or the “Abkuhiings gcschwiodigs- 
keit” as influencing the vital tempera- 
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mrc minimum, or the lowest temperature 
at which insects could surrivc. He also 
correlated the amount of “sap’* present 
with the freezing point. This term is not 
quire equiyalent to moisture for it repre- 
sents the difference in weight between a 
normal insect and a desiccated one. That 
the weight loss mzj not be entirely due to 
water was recognized by Bachmetjew 
(1899). The size and structure of the cell 
contents was also recognized by Bachmet- 
jew as correlated with the freezing point. 
There is one conclusion that Bachmetjew 
makes with regard to his vital tempera- 
ture minimum that is difficult to under- 
stand. The reaching of the undercooling 
point for the second time, according 
to this author, determines death. The 
undercooling point rather than the freez- 
ing point is considered as the critical 
point. With regard to death occurring at 
the time of reaching this undercooling 
point the second time, the data of this 
author admit of more than one inter- 
pretation. About 2.J per cent of his 
results disagree with his conclusion. 

Bachmetjew ’s contributions to the sub- 
ject of insect freezing can be summed up as 
follows: (i) the time rate of cooling 
determines the undercooling point and 
hence the critical point; the more rapid 
the cooling the higher the undercooling 
point; (i) the per cent of “sap” is in- 
versely proportional to the freezing point; 
(3) the point of death is reached when the 
insect reaches the undercooling tempera- 
ture a second time. The lowest under- 
cooling point that was obtained by this 
author was — i5.7°R. 

Gucyiard and Porrier found that 
the survival of Cossms and Carpocapsa on 
exposure to low temperatures depended 
upon the season of the year. In winter 
these larvae were able to survive —lo^C. 
but were killed by that temperature in the 
spring. In a later paper Duval and 


Portier (1911) make further observations 
on freezing points and emphasize further 
their periodicity. Another contribution 
made by these authors is the concept of a 
secondary freezing point. The first freez- 
ing point represents the freezing of body 
fluid while a lower freezing point of the 
same tissue represents the freezing of the 
cell substance itself. 

Knight (i9ix) was able to demonstrate 
a marked periodicity in the freezing point 
of the Pentatomid, Perillus bmulatus. 
In the fall this bug gained hardiness and 
in the spring lost it. Knight considered 
that the freezing point as demonstrated 
by the thermocouple method was col- 
loidal in nature. Repeated freezing of 
the same bug brought the freezing and 
undercooling points nearer and nearer 
together, with each successive freezing. 
This action parallels the setting and melt- 
ing of gelatine and other colloids where 
the past history influences present be- 
havior. 

Pirsch (1913) in a study of the indi- 
vidual temperatures of honey bees found 
the freezing point was about — i°C. He 
tried three bees only as his paper dealt 
chiefly with other phases of the problem 
of insect temperatures. 

Carter (192-5) studied the freezing and 
undercooling points of the bean weevil 
Mylahrls ohuctus. He found that the 
insect when uninjured by piercing with 
the thermocouple was able to withstand 
lower temperatures than a pierced insect. 
He found no correlation between the time 
rate of cooling and the freezing or 
the undercooling points. The weevils 
showed no periodicity during the time 
studied. Representatives of the stored- 
products pests that would not be expected 
to show hardening were chosen for his 
work in order to simplify the problem. 

The relation of water content to the 
freezing point, cold endurance, and hiber- 
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oation has been suggested by several 
authors but definitely worked out by com- 
paratively few. Bachmetjew (1899) em- 
phasized the relation between “sap con- 
tent” and freezing and undercooling 
points. The work of Tower (1906, 1910) 
while open to question in some respects 
is, however, suggestive. The low water 
content of hibernating forms is em- 
phasized. Breitcnbccher (1910) asso- 
ciated with Tower found that he could 
bring potato beetles out of hibernation 
by watering the soil in which they were 
dormant. Bodine (192.1, 1913) has found 
that hibernating grasshoppers possess a 
low rate of respiration accompanied by 
a low moisture content. With the 
breakup of hibernation the water rela- 
tions arc readjusted to a higher level. 
Hibernation is essentially a rejuvenating 
process from the standpoint of basal 
metabolism. Fink (1915) states that 
hibernating animals have a low respiratory 
quotient. The breaking up of hiberna- 
tion in the coddling moth by repeated 
soakings of the hibernating individuals 
was reported by Townsend (1914) at the 
fifth Washington Meeting of the Ameri- 
can Association for the Advancement of 
Science, 

Bottazzi and Bcrgami (192.4) reported 
an irreversible precipitation occurring in 
ox blood serum when it was cooled to 
—15°C. They were studying the action 
of low temperatures upon fluid colloidal 
systems. Perhaps the most comprehen- 
sive work on the relation of water to 
metabolism is that of Babcock (1911). 
He studied metabolic water in both plants 
and animals, and states that during hiber- 
nation metabolic water is the source 
from which animals draw their necessary 
supplies. The amount of water in hiber- 
nating animals is lower than that in 
non-hibemating animals - 

The measurement of the cold resistance 


of insects has been dependent upon the 
measurement of temperature itself and 
upon the applications of methods of tem- 
perature measurement to insect material. 
The invention of the thermometer in 
1714 by Fahrenheit, its perfection by 
Reaumur, together with the interest in 
measuring temperatures at that period 
furthered the study of insect physiology. 
But there is another method of measuring 
temperatures, namely the thermo-electric 
method. Volta in 1801 found that an 
electric current was set up at the junction 
of two unlike metals. In i8zi Secbcck, 
using the newly invented instrument, the 
galvanometer, measured the E.M.F. set 
up at junctions of unlike substances and 
correlated these measurements with tem- 
perature change. As early as 1831, No- 
bili and Melioni were recording the tem- 
peratures of insects and other small 
animals by means of the thermocouple. 

III. ORIGINAL EXPERIMENTAL RESULTS 

The work of the present writer has 
dealt with the ability of insects to survive 
temperatures lower than o®C. The cold 
resistance was measured by the freezing 
and by the undercooling points. By 
freezing is meant actual crystallization of 
a given body fluid or tissue accompanied 
by the giving off of heat. By the under- 
cooling point is meant the limiting tem- 
perature below the freezing point of a 
fluid, to which it can be cooled without 
freezing. 

With the thermo-electric method the 
freezing and the undercooling points of 
three groups of insects were taken 
throughout their normal annual cycle. 
These ecological groups were, (i) the oak 
borers, normally exposed to temperature 
extremes; (i) the aquatic insects never 
exposed to a temperature lower than o®C., 
and (3) storcd-products pests, represent- 
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ing, supposedly, a tropical or sub-tropical 
group. 

With the oak borers the freezing and 
the undercooling points were periodic 
and varied with the seasons. The lowest 
freezing and undercooling occurred in 
winter; the highest in summer; with fall 
and spring determinations intermediate. 
A marked correlation between the en- 
vironmental temperature and the insect 
freezing and undercooling was formed. 
The species used in this study were larvae 
of Synchros punefata Neum., Dendroides 
canadensis Lee., ElaUr sp., Mdanotus sp., 
Chrysohothris femorata, RomaUum rufulum 
Haid., Elaphidim mucronotatum Fab. Lep- 
tnra nitens Forst., Arhopalus fulminans 
Fab., Xylotrechtts colunus. Fab., Graphi- 
surus fasciatus Deg., and the adult of 
H yet abates fasciatus Deg. 

A scries of freezing and undercooling 
points of aquatic insects was also made. 
The genera used were Enallagma^ Isch- 
nura^ Gmphus^ and Sympetrum among the 
Odonata; Leptocella^ Fhryganea, and Heu- 
rmia am^mg the Trichoptera; Buenoa, 
Bekstma and Notonecta among the Hemip- 
tera; Halt pus, Cy bister, Coptotomas and 
Dytiscus among the Coleoptera. Nymphs 
of the Odonata, larvae of Trichoptera, 
adults of the Hemiptera and adults of the 
Coleoptera were used. Determinations 
were made in February, May, July and 
September. There appeared to be no 
periodicity in these insects. There also 
seemed to be no significant difference 
between different species, different orders 
or different stages of development. The 
mean undercooling of all aquatic insects 
was 1.51 db 0.3, the mean freezing 0.57 zfc 
0.03. 

The insects infesting stored products 
exhibited no apparent periodicity but 
were more variable in both undercooling 
and freezing than the aquatic group. 
Three species, TriboUmn confusum, Duval, 


Sitophilus grmarius Linn., and Pyralis 
jarmalis Linn, were studied with the fol- 
lowing results: 
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The mode ol undercooling with Siteh 
philis grmarius was --4, of freezing — i. 
Thus both the mode of undercooling and 
of freezing differ from the mean. The 
determinations on this species indicate a 
highly variable population as regards 
cold resistance. 

Although the oak borer group appears 
essentially periodic as regards resistance 
to low temperatures it is possible to alter 
this character by exposure to suitable 
temperatures and humidities. Exposure 
of insects to low temperatures in the 
summer will start the hardening process, 
Similarly exposure to high temperatures 
in the winter time will cause loss of 
hardiness. The results of these experi- 
ments would indicate that the freezing 
point and undercooling is not itself essen- 
tially periodic but is a response to a tem- 
perature condition that is periodic. Thus 
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in northern climates the succession of 
seasons is essentially periodic. 

Cold hardiness can be produced experi- 
mentally (i) by exposure to low tempera- 
ture or (i) by dehydration. 

Conditions associated with low freez- 
ing and undercooling temperatures %verc 
studied. The most pronounced feature 
was found to be the low moisture con- 
tent. The insects in fully hardened con- 
dition have a low moisture content, in 
non-hardy condition a high moisture con- 
Ttmt. Periodicity was exhibited in the 
moisture content. That of Synchra Punc- 
tata varied from 31.1 per cent in February 
to 54 per cent in August. With Dendroides 
the variation in moisture content 'was 
more marked, from 57.4 per cent to 73.5 
per cent. Larvae were baked for four 
hours at 5o°C. 

Some experiments were tried in order 
to determine the nature of freezing. Re- 
peated or multiple freezings were taken 
' on the same insect or tissue. These 
freezings and undercoolings so taken re- 
mained constant and exhibited no hystere- 
sis. Samples of blood taken from the 
aortac showed definite crystals. Trans- 
parent larvae also were seen to have 
crystals within at the time the freezing 
point was recorded. The process of freez- 
ing in this group was interpreted as crys- 
talloidal. The first or primary freezing 
point is the freezing point of the blood. 

It was found that when the oak borers 
were in winter condition they could 
survive freezing. However, on lowering 
the temperature still further a second un- 
dercooling point was found and a second 
freezing. This secondary freezing point 
was always fatal. For the oak borer 
group it was near —40^0. The tissue 
freezing was not definitely isolated but 
experiments pointed to the possibility of 
the tissue being either fat within the 
cells or nervous tissue. 

The problem of survival of insects at 


low temperatures was studied in con- 
siderable detail with special reference to 
temperatures below o°C, It was found 
(i) that insects not fully hardened were 
killed when the primary freezing point 
was reached; (2.) in fully hardened insects 
the primary freezing point was not fatal 
but there occurred a secondary freezing 
point that was. Experiments were run 
to determine the relationship between the 
freezing point and survival of insects 
when exposed to low temperatures for as 
long as twelve hours. It was found that 
insects with high freezing points were 
never able to withstand long exposure to 
low temperatures. However, insects with 
low freezing points could be killed by 
long exposure when a short exposure 
would not be fatal. 

With insects not in fully hardened con- 
dition the absolute minimum fatal tem- 
perature or the lowest at which insects 
can survive can be defined as the under- 
cooling point. The ‘Vital temperature 
minimum” of Bachmetjew thus is the 
absolute minimum fatal temperature tor 
the oak borers throughout the summer, 
early fall and late spring. During the 
remainder of the annual cycle, the limit 
of undercooling is no longer the absolute 
minimum fatal temperature but the secon- 
dary freezing point or some point lower 
than the primary undercooling must be 
sought. The secondary freezing point 
represents the freezing of some tissue other 
than the blood. One experiment was 
tried to obtain the freezing point of the 
nervous tissue. The central nervous sys- 
tems of fifty larvae were dissected out, 
placed in a small tube and frozen. The 
undercooling point recorded was — 48X., 
the freezing point — 45X. 

IV. SUMMARY 

Due in part to demand for cold hardy 
plants and in part to the fact that plant 
physiology is further developed than 
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insect physiology, the study of cold re- 
sistance in plants has proceeded to a 
farther stage than the study of cold re- 
sistance in insects. From workers in 
plant physiology we can gain light on 
certain general physico-chemical prob- 
lems involTcd in low temperature studies. 
The cause of death from low temperature 
has been considered, (i) as due to direct 
mechanical injury, (^) water loss through 
changes in permeability, and (3) pre- 
cipitation of proteins or other irreversible 
chemical effect. The development of cold 
hardiness through slow growth, dehydra- 
tion, or exposure to low temperatures 
showed that cold resistance is a dynamic 
rather than a static condition. Finally, 
the most recent work on plants has em- 
phasized certain chemical and physical 
conditions of the plant tissues to be asso- 
ciated with cold resistance. These are 
low water content, efficient hydrophyllic 


colloids, and proteins not easily pre- 
cipitated by low temperature. 

The study of survival of insects at low 
temperatures has gone through (i) the 
observation stage, (i) the qualitative 
experimental, and is now entering the 
third stage, the quantitative. Studies on 
hibernation, on individual insect tem- 
peratures, and on heat regulation in in- 
sects, have all contributed to the general 
problem of freezing and survival of insects 
at low temperatures. Determinations fjDt 
some insects have thus far been made as 
to the intensity of low temperatures they 
can survive, and whether or not they can 
withstand ice formation in their tissues. 
Aside from the finding that low water 
content is associated with cold resistance 
there yet remain to be discovered the 
physico-chemical factors associated with 
or causing cold hardiness in insects. 
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RENNER’S STUDIES ON THE GENETICS OF 
OENOTHERA 

By a. H. STUBTEVANT 

Columbia University and Carnegie Institution oflVasbiniton 


ll ^HERE is only one group among 
B the higher animals and plants 
B that has persistently failed to 

JL. give genetic results that can 
easily be interpreted by means of the 
generally applicable principles. The 
Evening Primrose (Oenothera') has been 
studied for thirty years, first by de 
Vries and more recently by a number 
of other workers; but the results ob- 
tained are still quite anomalous as com- 
pared with what is known of any other 
intensively studied organism. The cyto- 
iogical work of Miss Lutz, Gates, Stomps, 
Boedijn and others has now shown that 
many of the results are due to the occur- 
rence of triploid, tetraploid, and “tri- 
somic” (in + i) t3^es; but apart from 
variations in chromosome number there 
remains a mass of puzzling data as to the 
behavior of the 14-chromosome species 
and “mutant” races. 

Oenothera Lamarckiana was long ago 
shown by de Vries to produce regularly 
about 1 per cent of “mutant” offspring. 
About three fourths of these can now be 
identified as due to extra chromosomes; 
the remainder appear to be due to hetero- 
zygosis in the parent. But if Lamarcki- 
ana is regularly heterozygous, why does 
it not produce a still higher percentage of 
new types — at least 15 per cent”-among 
its offspring? When Lamarckiana is 
crossed to other species of Oenothera^ Fi 
usually includes two distinct types, though 
both parent species breed nearly true— 


and these “min hybrids” themselves 
often breed nearly true. Many species 
crosses in Oenothera give different results 
according to which specks furnishes the 
egg, w^hich the pollen. Finally, the 
ratios obtained from various mutant and 
species crosses in the group are variable 
and are rarely in accord with simple 
Mendelian expectations. 

These and other remarkable pecu- 
liarities of the Evening Primrose have 
been intensively studied in Germany by 
Professor Otto Benner, and it is the pur- 
pose of the present review to show how 
Renner’s work helps to explain the 
genetic behavior of Oenothera, 

The first two papers to be considered 
(1914, 1917a) deal with the problem of 
the twin hybrids produced by Lamarcki- 
ana. Renner found that when Lamarcki- 
ana is self-fertilized, about half the seeds 
formed are incapable of germination. 
But when Lamarckiana is fertilized by 
biennis or muricata (crosses which result 
in twin hybrids) practically all the seed 
is viable. Renner therefore assumed that 
Lamarckiana is heterozygous for two gene- 
complexes, neither of which is viable 
when homozygous. One of these, called 
gaudens, produces the twin known as 
laeta; the other, known as velans, pro- 
duces the twin velutina. Lamarckiana is 
then gaudens-velans; the inviablc seeds 
are gaudens-gaudens and velans-velans. The 
hypothesis accounts for several other 
facts, such as that Lamarckiana may be 
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reconstituted hj crossing laeta and 
nhtma. E-cnner further suggested that 
some of the mutant types were due to ex- 
change of materials between the gaudens 
and ulans complexes. 

Genetic studies 1917c, 1918a) 

showed that the wild species biennis^ 
snateoknSj and murlcata are likewise com- 
plex hetcTozygotes — as was also clear 
from the earlier results of de Vries. Ren- 
ner has given special names to the hap- 
loid gene-complexes of these species and 
of HooksrL as follows (Lamarckiana is in- 
cluded for completeness): 

biennis — alhkans^ ruhens 9 ■— ruhens cf* 
Lamarckiana — velans, gaudens 9 ~ velans, 
gaudens ^ 

murkata = rigens Qsurnans') 9 ■— curvarn cf 
suaveohns = albicans, flavens 9 — flavens d’ 
Hookers = ^Hookers 9 — ^Hookers d 

That is to say, biennis produces albicans 
and ruhens eggs, but only ruhens pollen; 
murkata produces mostly rigens eggs, but 
a few curvans; Hookeri produces only 
^Hookeri (read haplo-Hookeri) eggs and 
pollen. Biennis breeds true because ru- 
hens-ruhens dies, murkata because curvanS'^ 
curvans dies, and suaveolens because flavens- 
flavens dies. Hookeri breeds true because 
it is homozygous: practically all its 
seeds are capable of germination, and it 
gives uniform progenies when selfed. 

But why do biennis, murkata, and 
suaveolens produce only one kind of pollen? 
This problem was attacked by a micro- 
scopic study of the pollen grains them- 
selves Ci9i9a, 1919b). In Hookeri the 
pollen grains were found to be uniform 
in appearance, and practically ail were 
well filled and capable of germination. 
In all the other species roughly half of 
the grains were small and empty — quite 
obviously not capable of germination. 
These can not be the grains that carry the 
gene-complexes (albicans, rigens') that are 
absent in the functional pollen, since 


such bad grains are present in Lamarckk 
ana, where both complexes give functional 
pollen. I shall discuss the bad grains 
later. In biennis, murkata, and suaveolens 
the fully formed and well filled pollen 
grains were themselves found to be of two 
kinds, equally numerous. One kind was 
larger than the other, and staining with 
iodine showed that the starch grains in 
the larger kind were more spindle-shaped,, 
those in the smaller more spherical. 
Only the large grains with spindle-shaped 
starch grains germinated in vitro, and 
when the pollen was placed on stigmas, 
sections of the styles showed only 
spindle-shaped starch grains in the pollen 
tubes. These grains then represent 
curvans, ruhens, and flavens; the round 
starch grains are present in alhkans and 
rigens pollen. These conclusions were 
fully verified by a study of the pollen 
grains of hybrids of known constitution. 
The most intensively studied is curvi- 
velutina, at first called gracilis (Lamarcki- 
ana X murkata) = velans-curvans. The 
two kinds of pollen produced agreed in 
size with the grains of Lamarckiana (dis- 
tinctly larger than those of murkata) 
and with the curvans grains of murkata. 
Their starch grains also differed in shape, 
those of velans being more spindle-shaped. 
Studies of the pollen tubes in flowers 
fertilized by this hybrid showed that the 
velans grew faster than the curvans. The 
genetic results thus become intelligible; 
for in the short-styled murkata and 
biennis some seeds are fertilized by the 
curvans pollen of this hybrid, while in 
the long-styled Lamarckiana velans alone 
reaches the eggs. In crosses to short- 
styled plants velans fertilizes more eggs 
than curvans, but if competition is de- 
creased by the use of a small amount of 
pollen, the percentage of curvans rises. 
We have here, then, an important cause 
of variable and atypical ratios from 



KENNEWS STUDIES ON OENOTHERA 


Omothsra hybrids. More important still, 
the method is available for a direct 
study of non-functional or poorly func- 
tional pollen, so that one no longer 
feels that assumptions as to the nature 
of the pollen grains simply beg the 
question. 

The eggs of heterozygotes are also 
sometimes produced in unequal numbers — 
, notably in the case of muricata, which 
only rarely produces curvans eggs. The 
mechanism at work here has been studied 
' by Renner (i9zib). Each ovule of Oeno- 
thera contains a single diploid megasporc- 
mother-cell. This cell undergoes two 
maturation divisions, giving rise to four 
haploid megaspores. These are separate 
cells (not merely nuclei in a single cell, 
as in some seed plants), and are arranged 
in a row. The two upper megaspores, 
nearest the micropyle, are sister cells — 
i.e., they come from one of the two cells 
produced by the first maturation divi- 
sion; the two lower megaspores, nearest 
the chalaza, come from the other product 
of the first maturation division. If, as 
seems probable, the first division is the 
reduction division, the two upper cells 
are alike in genetic constitution, and are 
different from the tw'o lower cells. In 
Hookeri Renner found that the uppermost 
cell regularly developed into the embryo 
sack, the three lower cells all degenerat- 
ing. It is evident that in this case, 
where all the megaspores are genetically 
alike, the upper ceil has an advantage due 
to its position alone, and as a result of 
that advantage it succeeds in growing at 
the expense of its companions, until it 
comes to fill the entire space within the 
nucellus. In the ovules studied, the 
same result was found for Latnarcksana, 
as was to be expected; for Lamarckiana 
produces both velans and gaudens eggs, 
often in nearly equal numbers. But in 
mmkata the uppermost cell gave rise to 


285 

the embryo sack in only about half of 
the ovules. In the other half the lower- 
most cell grew faster than the other three, 
and ultimately came to be the only one 
present. Evidently in half the ovules the 
rigens complex is segregated to the upper 
cells, and the usual course of events fol- 
lows. In the other half of the ovules, 
curvans goes to the upper cells, rigms to 
the lower; and in this case the rigms 
cells have a sufficient inherent advantage 
over the curvans so that they usually 
succeed in overcoming the disadvantages 
of their position. The genetic results 
show that the various complexes can be 
roughly classified according to their 
“strength” in such competition be- 
tween megaspores. Currans is always 
“weak,” velans is always “strong.” 
Rubens never succeeds in competition 
with velans y is usually unsuccessful 
against albicans^ but never fails against 
curvans. It is clear that these results can 
not be explained by assuming the presence 
of egg lethais; but the competition inter- 
pretation does w’ork out consistently. 

Another complication cleared up by 
Renner (19121, 1914) is the behavior of 
the chloroplasts in Oenothera hybrids. It 
was shown by de Vries and others that 
species hybrids in this group sometimes 
are white or pale green, or arc mosaics of 
green and pale regions. Hookeri 9 X 
Lamarckiana cJ’ gives two kinds of 
hybrids, ^Hookeri-gaudens and ^Hookert- 
velans, which arc both normal green in 
color. The reciprocal cross, Lamarckiana 
9 X Hookeri cf, gives a ^Hookeri- 
gaudens like the preceding one; but the 
^Hookeri-velans is either pale green or 
mottled pale green and dark green. 
Renner shows that this result is ex- 
plicable on the assumption that the 
plastids of Lamarckiana are not able to 
develop their normal amount (or kind) 
of chlorophyll in the presence of ^Hookeri- 
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t'dans (or ^Hoohri-^Hoohrt) nuclei. 
Some of the hybrids, however, obtain a 
few plastids from the Hookeri pollen 
tubes, and these develop into the occa- 
sional dark green patches. The hypoth- 
esis was tested by many crosses. The 
^Hoahn-gaudens sisters of the mosaics, 
when sclfed, give rise to homozygous 
Hookeri plants, which are pale green, 
without any patches. But if the same 
^Hoohri’gaudens is fertilized by pollen 
from Hookeri, some of the resulting homo- 
zygous Hookeri have dark green patches, 
evidently because Hookeri plastids have 
been introduced by the pollen. In cer- 
tain combinations involving other species 
both of the reciprocals are mosaics. 
Ruhens-curvans, for example, is white 
when the plastids come from biennis, 
green when they come from murkata. 
The Fi plants are white with a few green 
patches when biennis is the mother, 
green with pale spots when murkata is 
the mother. Such mottled plants often 
produce branches that are entirely of the 
dark green color characteristic of the 
paternal plastids; in such cases the flowers 
on these branches behave genetically also 
as though they had only paternally de- 
rived plastids. In general, the results 
make it clear that the development of 
chiorophyii depends on the constitution 
of the nuclei and also on that of the 
plastids themselves. The plastids of each 
species have characteristic properties, 
which arc transmitted as such and are 
not at all affected by the nuclear consti- 
tution. A plant may have murkata plas- 
tids and transmit them to its offspring, 
even though its nuclei do not contain 
either rigens or curvans. These results 
serve to explain the occurrence of white 
and pale green inviable seedlings, and to 
clear up another cause of differences be- 
tween reciprocal hybrids — besides being 
in themselves perhaps the most instruc- 


tive cases of plastid inheritance yet 
recorded. 

Renner has consistently aimed at the 
analysis of the gene-complexes of Oenothera 
into their component Mendelian units. 
His most recent paper (19x5) gives a sum- 
mary of the results so far obtained in this 
direction. As early as 1917 he sug- 
gested that the complexes do sometimes 
interchange materials, and that many of 
the mutant types of de Vries and others 
are due to such interchanges. Gaudens, 
for example, carries a recessive gene 
for dwarfness, and this occasionally goes 
over to velans, giving a ^^^tej'-plus-dwarf- 
ness or ^^nanovelans' complex. There 
results the familiar mutant type nanella 
== gaudens-nanovelans . The pale flowered 
type suljurea of biennis is produced in a 
similar way; and it is probable that 
many of the other types of Lamarckiana 
(such as deserens, decifiens, and hlandina) 
are also due to exchanges of material 
between opposing complexes. 

Renner has especially studied the vari- 
ous hybrids of the five species that he has 
worked with. Practically all the possible 
combinations of the eight primary com- 
plexes have been obtained, and their 
offspring studied. (Albicans and rigem 
never function in pollen, and therefore 
can not be obtained together. Rubens 
and gaudens have a common zygote lethal, 
so that rubens-gaudens dies.) Some of 
these (e.g., curvans-flavens, rigens-velans, 
^Hookeri-rigens^ give a distinctly higher 
percentage of new combinations than do 
the original species. The data do not 
as yet suffice to show in detail how the 
various complexes are related in terms of 
genes; hut several results are clear, and 
there are a large number of other partial 
analyses. I shall here only point out a 
few of the more striking results. The 
curvans complex is shown to carry two 
distinct and separable zygote iethab. 
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The zygote lethal of flavens may be re- 
placed by a viable alklomorph from 
nibens, rigens, or ga:dms^ so that plants 
homozygous for practically the whole 
favms complex may be obtained and 
studied. The gene R, for red nerves, acts 
as a zygote lethal (as shown by Heri- 
bert-NiJsson). It occurs in some races of 
Lamarckiana, and is there independent of 
the velans-gaudens complexes in inheri- 
tance. It is sometimes present in rigens, 
and is always present in ruhens but never 
in albicans — i.e., in hknnis it is com- 
pletely linked to the rest of the genes 
composing the two complexes. In cur vans- 
rdanSy when R is present and was re- 
ceived from the Lamarckiana parent, it is 
completely linked to velans — though 
in Lamarckiana it was independent of 
vdans. 

Renner discusses three possible inter- 
pretations of the interchanging of ele- 
ments between complexes. 

I. Linkage, due to the genes concerned 
all being carried in the same chromosome 
pair. This interpretaton is accepted by 
Renner as accounting for at least part of 
the results — i.e., some of the genes con- 
cerned probably do show linkage of the 
ordinary type. But an attempt to ac- 
count for all the results on this basis 
meets with difficulties — chiefly in that at 
least three (perhaps four) loci may be 
completely linked in some combinations, 
whereas in others they may be com- 
pletely independent. The chromosome 
would therefore have to be extremely 
long (as measured by crossing over), and 
would also have to be subject to very 
striking variations in crossing over. 


z. The genes concerned arc really in- 
dependent in inheritance, but nearly all 
the new combinations of them arc in- 
viable. It seems certain that many of 
the new combinations arc inviablc, and 
the empt}' pollen grains referred to above 
are probably mostly to be attributed to 
this cause, as are also the numerous in- 
viable female gametophytes. But it is 
easy to show that there is not enough 
elimination of gametes and zygotes to 
account for the number of different genes 
for which the plants arc heterozygous. 
It follows that the parental combinations 
are produced in larger numbers than arc 
most of the new combinations. 

3. Chromosome linkage. The cyto- 
logical obsenmtions of Cleland suggest 
that the chromosomes are not segregated 
at random at the reduction division; and 
Renner is inclined to think that in this 
direction is to be sought a still further 
special complication of the Oemthera 
situation. He even outlines a tentative 
arrangement of the genes and groups of 
genes separated from the various com- 
plexes among five of the available seven 
pairs of chromosomes. This arrange- 
ment is intended only as a working hypoth- 
esis; but it should be possible to test it 
cytologically and by the use of ttisomic 
types. 

In the present review I have only 
attempted to give the general results and 
a few special examples. In the original 
papers (especially 1919b and 1915) the 
reader will find an astonishingly large 
amount of data, and abundant evidence 
that Renner has spared no pains to put 
his hypotheses to every available test. 
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A PHILOSOPHICAL INTERPRETA- 
TION OF NATURE 

Being a review of Science and the Modem 
World: Lowell Lectures, 1915, by 

Alfred North Whitehead, Fellow of 
Trinity College in the University of 
Cambridge and Professor of Philosophy 
in Harvard University. New York 
(Macmillan), 1915. $4.00. 

By Lawrence J. Henderson, Harvard 
University 

This book of Lowell lectures, in the 
authors phrase, “embodies a study of 
some aspects of Western culture during 
the past three centuries, in so far as it has 
been influenced by the development of 
science.” It describes an epoch during 
which, on the whole, older interpreta- 
tions of life, of the world, and of nature 
have steadily lost ground to materialism 
and to a mechanistic philosophy based 
upon physics. The main ideas which 
have guided this continuous evolution of 
modern thought are developed in broad 
outline, from the standpoint of the spe- 
cialist in theoretical physics, but with an 
ever present sense that nothing can be 
more important than a dominant philos- 
ophy. Such, in substance, is White- 


head’s modest description of a work 
which is also an important and original 
contribution to philosophical thought, 
which may possibly be destined to revo- 
lutionize our interpretation of nature, 
and which, at any rate, goes far to replace 
materialism by a philosophy of organ- 
ism. The present state of science and of 
thought, and the search for a way out of 
present difficulties through recognition 
of organization as the most concrete 
reality of nature, make up the real sub- 
ject matter of this book. For this reason 
biologists and naturalists will find here 
the clear expression that they have long 
needed of ideas which they themselves 
can neither escape nor, without aid from 
physics and philosophy, sharply define. 

The book opens with a discussion of the 
fascinating and difficult problem of the 
origins of the modem scientific mind. 
“The most intimate change in outlook 
which the human race had yet encoun- 
tered” commenced quietly with the ap- 
pearance of a new interest, or a new in- 
tensity of interest, in the bearing of 
irreducible, stubborn facts upon generali- 
zations. It was carried fonvard because 
men who were fired by a strong, unyield- 
ing faith that everything exemplifies 
general principles, and that these can be 



THE QUAKTEKLY REVIEW OF BIOLOGY 


known, also became “apt for tbe state 
of imaginative muddled suspense which 
precedes successful inductive generaliza- 
tion.” 

This phrase must not be passed by with- 
out remark, for I feel sure that no experi- 
enced investigator can read it and remain 
unmoved. Its self-evident truth shows 
how far the problem of scientific method 
is psychological, and, to me at least, it 
seems a well nigh perfect statement of 
the differentia of the man of science at 
work. 

From another standpoint Whitehead 
sees the beginning of modem science as 
an anti-intcllectualist movement arising 
from the perception that nature is more 
subtle than the human reason. This is a 
reaction against the rationalism of medi- 
aeval theology, yet modem faith in the 
possibility of science remains as an un- 
conscious derivative therefrom. Again, 
modem science could not be what it is 
without a vision of the order of nature 
as akin to the remorseless inevitableness 
of Fate in Greek tragedy. 

Another almost independent ingredient 
of modem science is noted in the rise of 
Naturalism in the later Middle Ages, 
especially in decorative sculpture. This 
precedes and is the source of the scientific 
interest in objects for their own sake. 

Once established, modem science soon 
experienced the formative influence of 
mathematics. The Arabic notation, al- 
gebra, logarithms, analytical geometry, 
and the infinitesimal calculus were the 
necessary instraments of the great achieve- 
ments of the incomparable seventeenth 
century. Its men of genius have stamped 
physics with the mark of mathe- 
matics, and physics determines the char- 
acter of the century. In Whitehead's 
opinion ”a brief, and sufficiently accurate, 
description of the intellectual life of the 
European races during the succeeding two 


centuries and a quarter, up to our own 
times, is that they have been living upon 
the accumulated capital of ideas provided 
for them by the genius of the seventeenth 
century.” No doubt an exception to 
this statement is to be made in favor of 
the idea of evolution. Most of these 
ideas we owe to that development, per- 
haps the greatest in the history of the 
intellect, which began with Galileo and 
ended with Newton, including also the 
labors of Descartes and Huyghens. It is 
all summed up in Newton’s Frincipa. 

This development provided posterity 
with a blank form of a universe, which 
remained to be filled up. It produced the 
concepts of inertia, of mass, of an isolated 
system, of conservation and of force; and 
it led to the secure foundation of the 
mechanistic theory of nature, ‘ ‘which has 
reigned supreme ever since the seventeenth 
century. It is the orthodox creed of 
physical science. Furthermore, the creed 
justified itself by the pragmatic test. It 
worked. Physicists took no more interest 
in philosophy But the difficul- 

ties of this theory of materialistic mechan- 
ism very soon became apparent. The 
history of thought in the eighteenth and 
nineteenth centuries is governed by the 
fact that the world had got hold of a 
general idea which it could neither live 
with nor live without.” 

The difficulty is most easily seen in the 
inconsistency of our mechanistic phi- 
losophy, which enthrones physical causa- 
tion as supreme, with our political and 
social judgments, which always imply 
final causes. As Whitehead remarks, “it 
is not popular to dwell on the absolute 
contradiction here involved. ’ ’ This leads 
to the problem of freedom and to Mill's 
famous doctrine, which is promptly dis- 
missed with the scant courtesy which it 
deserves . Thus we reach a position which 
has often been reached before, but which 
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has always seemed a cul-de-sac. Count- 
iess biologists during the last half centuri^ 
have found themselves la the ridiculous 
situation, from which there was no es- 
cape, of paying lip-service to the mechan- 
istic theory which was never of the 
slightest usefulness or relevancy in their 
researches. The difficulty has always 
been that the mechanistic theory was 
known to w^ork; in fact it often worked 
quite as well in bio-physics and bio- 
chemistry as elsewhere. Yet In mof- 
pholog}% cytoiog>% genetics, ecology, and 
similar sciences it has been mainly irrel- 
evant. 

Meantime, however, a change has come 
over physics. As a result of the rise of 
modern atomism, of the theoiy^ of rela- 
tivity and of the quantum tlicoiv", the solid 
foundations have melted away, and it is 
not yet possible to judge of the new 
foundations which must some day replace 
them. What then “is the sense of talking 
about a mechanical explanation when you 
do not know what you mean by mechan- 
ics.” No one who sees clearly can fail 
to perceive that the breaking up of the 
classical philosophy of physics must in- 
fallibly release biology from a bondage 
which has in the past done much good 
and much harm. The old sanctions, in 
truth, no longer hold; but, as always, 
men who have formed the habit of re- 
spectful obedience to the law do not know 
when they have been set free. The news 
must be spread, and other sanctions, better 
suited to its needs, must be set up by an 
independent biology; only there must be 
no return to vitalism. 

At the very moment when the old con- 
cepts of science — time and space, matter 
and motion, energy, mechanism and many 
others^ — ^have lost their intelligibility, 
physiology, following the path which 
Claude Bernard mapped out, has finally 
attained a position of independence. This 


result, though indirectly favored in many 
respects by the orthodox scientific phi- 
losophy of the past half century, has also 
been retarded by it. la particular, the 
doctrine of organisni has had to win 
through on its merits. A relatively con- 
crete interpretation of nature, it has met 
persistent opposition from “the intolerant 
use of abstractions [which] is the major 
vice of the intellect.” 

In the concept of organism, \\ffiitchcad 
believes that he has found a means to 
construct a philosophy which shall re- 
place mechanism. Consider, for instance, 
the quantum theory and the atom. The 
electron is a vibratory entity; in his view 
it may probably be regarded as an entity 
constituted by the vibrations. Hence its 
path in space can only be represented by 
a scries of discrete, discontinuous posi- 
tions, and, on this view, it could not even 
exist except as a periodic system. So far 
as we know, its existence at an instant is 
no more conceivable than the existence at 
an instant of a musical note. The sig- 
nificant thing about it is pattern, not sub- 
stance; its essence seems to be its char- 
acteristic pattern; in short, it is an 
organism. (This, of course, implies a 
definition.) No doubt if wc are ever suc- 
cessfully to think of electrons in this 
manner, we must overcome some of our 
deeply ingrained habits of thinking. 
Especially we must get rid of the most 
fundamental of all our scientific concepts, 
that nature is made of matter “which has 
the property of simple location in space 
and time” and “that the world is a suc- 
cession of instantaneous configurations of 
matter.” 

Here it should be pointed out that such 
a task, immensely difficult in itself, will 
be made still more difficult because the 
classical methods of physics will probably 
long remain the most economical for dis- 
posing of the vast scores of accumulated 
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knowledge. Also there is almost ccT" 
tainly a psychological predisposition in 
favor of classical materialism, which, I 
think, makes it seem the most ‘reason- 
able* philosophy to ‘reasonable* men. 
On this account, and because of its mar- 
velous power, I cannot escape the convic- 
tion which, though not expressed, is 
probably also Whitehead’s view, that, 
through all changes of philosophical 
opinion concerning its truth, the classical 
theory is likely forever to remain in use 
as one of the indispensable means of think- 
ing about physical phenomena. 

But in spite of its efhciency, in spite of 
its acceptability, Whitehead believes that, 
even from the standpoint of naive realism, 
materialism “is quite unbelievable. This 
conception of the universe is surely framed 
in terms of high abstractions and .... 
we have mistaken our abstractions for 
concrete realities.’* The criticism seems 
to be that scientific materialism involves, 
and must involve, the error which may 
be called “the fallacy of misplaced con- 
creteness.’’ Therefore the interpretation 
of nature must be recast and founded upon 
the concept of organism. For such a 
philosophy, process is the concrete fact; 
organism itself is process; and nature is an 
organic structure of evolving processes. 
“Nature exhibits itself as exemplifying a 
philosophy of the evolution of organisms 
sub jeet to determinate conditions. ’ ’ Here 
an organism is correlative with what is 
a bit of matter from the standpoint of 
materialism. 

His doctrine, Whitehead calls the theory 
of organic mechanism. It aims to be an 
objectivist philosophy, and to take ac- 
count at once of the needs of natural 
science and of the nature of our concrete 
experiences. In spite of its difficulty, it 
is a form of naive realism and is rooted 
in naive experience. In this respect his 
reference to poetry is significant, and, I 


believe, reassuring. In particular, the 
theory thus emphasizes the final elimina- 
tion of the doctrine of primary and second- 
ary qualities, which has always been one 
of the scandals of classical materialism. 

Nature, being evolutionary, is char- 
acterised by emergent events” The 
event is a transitory unity possessing 
value; “it is the ultimate unit of natural 
occurrence;’’ but it is no independent 
entity, for this, on the organic theory, is 
impossible . Every event is (prehensively) 
related to all other events, and these 
relationships are internal, that is to say 
constitutive. 

The concrete enduring entities of the 
world are organisms. In them the parts, 
even though themselves organisms, are 
influenced by the plan of the whole. This 
is true both within and below the bio- 
logical sphere. “In the case of an animal, 
the mental stages enter into the plan of 
the total organism and thus modify the 
plans of the successive subordinate or- 
ganisms until the ultimate smallest organ- 
isms, such as electrons, are reached. Thus 
an electron within a living body is dif- 
ferent from an electron outside it, by 
reason of the plan of the body.” 

But the pattern of an organism does not 
changelcssly endure. There is a cyclical, 
rhythmic and recurrent aspect to all en- 
durance which may be expressed by the 
word “reiteration.” Perhaps the har- 
mony or stable pattern of vibrator/ 
periods among its constituents is, at the 
very bottom of the organic scale, in the 
proton and the electron, the clue to the 
stability of the organism, and also to 
adaptation to the environment. 

To continue the analysis would lead 
deep into the fields of metaphysics and of 
the modem theory of atomic structure, 
for this work includes the sketch of a 
large fragment of a new metaphysical 
system, founded on the most recent 
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scientific thought and speculation. It is 
a system novel in itself, and peculiarly 
important because informed by the knowl- 
edge and experience of a professional 
mathematician and physicist. Since Leib- 
niz there has been no similar approach to 
philosophy. Perhaps for this reason there 
are in Whitehead’s speculations certain 
affinities with Leibniz. It is not a ques- 
tion, however, of a common philosophical 
position. On the other hand, there may 
be found in Lachelicr’s essay on Induction, 

. and perhaps in the writings of Cournot, 
views on one philosophical question 
which are very close to those here set 
forth. It is also not uninteresting to 
note the contrast with Fechner’s * ‘Cosmor- 
ganic” hypothesis, which no doubt de- 
veloped from a vague perception of the 
difficulties which Whitehead has clearly 
analyzed. But, in spite of physical 
origins, and the pervasive physical and 
mathematical coloring with which this 
work is imbued, the main affinities of 
Whitehead’s central hypothesis are bio- 
logical. The background that one wants 
in order to have a setting, within which 
Whitehead’s theory may be clearly seen 
and closely scrutinized, with no sense of 
discomfort or constraint, is perhaps best 
afforded by the biological works of 
Aristotle and by the theoretical physiol- 
ogy of Claude Bernard. The writings of 
J. S. Haldane present a related hypothesis, 
and theoretical ecology also involves 
similar concepts. 

The book contains, among other things, 
an excellent condensed statement of the 
larger features of the history of modern 
science. Some of the historical judgments 
are of great importance, and there are 
frequent shrewd explanations of what has 
really gone on beneath the surface. There 
are also several chapters devoted to the 
discussion of philosophical problems 
which, though important from the stand- 


point adopted by the author, bear but 
slightly upon biology. Many references 
will be found to general history and to 

literature. 

Partly because of the lecture form, and 
also on account of the all inclusive subject 
matter, the book is somewhat disorderly. 
But it is beautifully written and abounds 
in profound, wise, and witty remarks, a 
few of which have been quoted in this 
review. 

No doubt the red cause of a certain 
lack of unity in the exposition lies deeper. 
The author is, manifestly, still engaged in 
working out his theories into what prom- 
ises to become a complete philosophical 
system of “organic mechanism.” He has 
now provisionally consolidated the posi- 
tions to which he has thus far attained. 
But he is still pressing forward, and, 
until the enterprise has been completed, 
there can be neither time nor opportunity 
for a formal and exhaustive discussion. 

It is impossible to foretell what the fate 
of this system is to be. I can only^ say 
that I seem dimly to perceive in it, for 
the first time, the possibility of escape 
from the difficulties that have produced 
the conflicts between mechanism and 
vitalism, and between freedom and deter- 
minism. But here hope has been so long 
deferred that it is natural to be a sceptic. 
Meanwhile this sketch of a new philos- 
ophy may well suffice to restore and to 
expand our vision of the scope of biology. 
Like every other human enterprise, biology 
needs to be understood as something 
which is valuable in itself and which is 
not secondary to other enterprises, but the 
equal of any. As an “event,” in White- 
head’s sense, biology acquires just this 
kind of value. But it also now appears 
as the science which approaches nearest 
to the concrete enduring realities of the 
world. Thus, to the biologist, this book 
is so important that we may not yet 
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Ycnturc to estimate its importance. One upon a master’s knowledge of physical 
thing is certain; for the first time since science, and which assigns to the fact of 
modem science gained control of modern organization that position in a thoroughly 
thought, a philosophical interpretation comprehensive scheme of things, to which 


of nature has appeared which is based 
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SCIENCE, RELIGION AND REALITY. 

Chaffers hy Arthur James, Earl of Balfour: 
Bronislaw Malinowski; Charles Singer; An- 
tonio Aliotta; Arthur S. Eddington; Joseph 
Needham; John W, Oman; William Brown; 
Clement C, J. Wehh; William Ralph Inge. 

The Macmillan Co. 
$1. 50 6 X 8f ; 396 New York 

This book is a valuable contribution 
to the discussion of the old problem of the 
conflict between science and theology. 
The distinguished contributors are all 
philosophically minded persons of high 
technical competence in the fields with 
which they deal. Dean Inge’s conclud- 
ing chapter is a fine piece of clear think- 
ing. Witness to this statement is borne 
by the following quotation, which is 
commended to the attention of American 
scientists and American theologians 
equally: 

'There are at least three positions 
between which the Church may make its 
choice. It may condemn modern astron- 
omy as impious and heretical, as the 
Inquisitors and the Reformers agreed in 
doing. Luther denounced Copernicus as 
a fool who dared to contradict the Bible, 
‘an upstart astrologer who dared to set 
his own authority above that of Holy 
Scripture.* Mclanchthon thought that 
those who set forth such theories must 
have no sense of decency; and Calvin 
asked, ‘Who will venture to place the 
authority of Copernicus above that of 
Holy Scripture?’ The Roman Church 


biologists know that it is entitled. 

NOTICES 

has lately condemned the doctrine of 
evolution in terms not less stringent than 
these. This is one possible policy. It 
declares that there can be no truce between 
science and religion till science has re- 
nounced its errors and accepted the author- 
ity of the Church. 

“A second policy, equally open to the 
Church, is to admit that these traditional 
doctrines do not belong to the natural 
order with which science deals, but to 
claim that they possess a higher truth, to 
which science canno't reach. This may 
be done by regarding these and other 
dogmas as symbolic of eternal truths, aids 
to the imagination in forming clear con- 
ceptions of revealed truth in a region 
beyond the compass of our senses. The 
apologist for tradition who takes this 
line will not be content to justify the use 
of symbols. He will point out that 
science itself is an imaginative construc- 
tion; that the supposed laws of nature ate 
not derived directly from our observation 
of the behavior of atoms and molecules; 
that what are called the assured results 
of science are the work of the mind upon 
an abstract view of reality, which neg- 
lects the values and qualitative properties 
of things, and attempts to construct a 
universe out of mathematics and chem- 
istry. This disparagement of science as 
incapable of forming any adequate syn- 
thesis may be pushed so far as to reach 
what is called acosmism, the theory which 
denies the objective existence of the world 
or universe. The conclusion will then 
be, that though the dogmas in question 
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are symbolic, they arc much nearer to 
truth than the scientific laws which pro- 
nounce them to be impossible, 

“The third policy is to recognise that 
all theological doctrines which rest upon 
the geocentric theory must be recast, 
inasmuch as the results of science arc, 
within their own sphere, unassailable. 
I do not think I underestimate the serious- 
ness of this step, nor the great difficulties 
in taking it. But anything, I believe, is 
better than tr}dng to conceal an open sore 
which destroys our joy and peace in be- 
lieving. If we adopt this third policy, 
we shall be driven to think of God less 
anthropomorphically, and of heaven as a 
state rather than a place — a state, too, 
which is eternal in a deeper sense than that 
of unending time-succession. But I can- 
not pursue this subject without transgres- 
sing the lines sec for writers In this 
volume. 

“If I had any doubts that the religion 
of Christ can and will weather the storm, 
or if I had any doubts that it is entirely 
independent of any false opinions about 
the nature of the universe, my readers 
may be certain that I should not have 
spoken as I have done. If I believed that 
Christianity stands or falls with a Pto- 
lemaic universe, I should be obliged 
either to take the painful course of con- 
fessing that I have believed and taught all 
my life a creed which is as outworn as 
Paganism, or I should do like thousands 
of others — I should hold my tongue. But 
I am quite confident that this crisis will 
be surmounted if the Church has faith and 
courage, and, above ail, the common 
honesty, to face candidly. Only let us 
hear no more of clergymen thanking God 
that theology and science are now recon- 
ciled, for unhappily it is not true’* (pp. 
355-60). 

Is it permitted the scientist to thank 
God that there is at least one theologian 


who can think straight and clearly, and 

has courage? 


THE ASCENT OF MAN BY MEANS OF 
NATURAL SELECTION. 

Bj Alfred Alacbin Longmans^ Green and Ca. 
$1.75 XX “f 32.5 London and New York 
This book attempts to arrive at a 
reasonable explanation of the evolution 
of modern civilized man. It is based in 
the main on a re-examination and re- 
interpretation of the works of Darwin 
and Spencer. Spencer s main contribu- 
tion to the problem is held to be that 
human nature (man as he is) can only be 
explained by the theory of his descent 
from a long line of savage ancestry. 
Darwin’s theory of natural selection in 
Machin’s opinion ser^xs, as nothing else 
serves, to explain the fitful, spasmodic and 
extraordinary progress of the human race. 

The book is well written and will be 
a valuable addition to the shelves of any 
biological library. Unfortunately it has 
no index. 

EVOLUTION IN THE LIGHT OF 
MODERN KNOWLEDGE. 

A Collective WorL Contrihutors: F. 0 . 
Bower, James H. Jeans, Harold Jeffreys, E. 
W, MacBride, IF. MDougaU, C. Lloyd 
Morgan, M. S. Bemhrey, A* A. RoB, G. 
Elliot Smith, Frederick Soddy, A. F. Taylor, 
W, W. Watts, Rev. J. M. Wilson. 

D. Van Nostramd Co. 
$7. 50 6x3; xiv + 518 New York 

As is to he expected, the contributions 
of the thirteen difficrent men who write 
this book are somewhat uneven In quality. 
Some reach a high standard of popular 
scientific writing, while others seem 
somewhat feeble, or biased, or both. 
What the book attempts to do is to give 
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m authoritative statement, hj repre- 
sentative British scientific men, as to how 
the doctrine of evolution now stands after 
the general upheaval of fundamental 
theories in the last twenty years. The 
subjects covered are: Cosmogony (Jeans); 
the evolution of the earth as a planet 
(Jeffreys); geology (Watts); biology (C. 
Lloyd Morgan); botany (Bower); zoology 
(MacBride); physiology (Pembrey); an- 
thropology (G. Elliot Smith); mental 
evolution (M’Dougall); physics and chem- 
istry (Soddy); time and space (Robb); 
philosophy (Taylor); the religious effect 
of the idea of evolution (Wilson). Brief 
bibliographies follow each chapter, and a 
good working index completes the book. 
It can be highly recommended as required 
reading in any general elementary course 
on evolution. 


EVOLUTION, GENETICS AND EU- 
GENICS. 

Bj Horatio Hackett Newman 

The University of Chicago Fress 
$3.50 6| s 9i; XX -b 639 Chicago 

This is a new and extensively revised 
edition of the author’s widely used text- 
book. It is constructed on the scrap- 
book plan, being composed largely of 
excerpts from the writings of the principal 
authorities in the fields covered. Con- 
siderable pedagogical skill is shown in 
the arrangement of the material in this 
new edition, there having been some 
changes from the arrangement in the first 
edition. The additional material of great- 
est interest is a chapter dealing with the 
Scopes trial at Dayton, Tennessee. In 
reading this one cannot avoid a little of 
the feeling that perhaps if the general 
plan of the rest of the book had been 
strictly adhered to, and extensive quota- 
tions made from either H. L. Mencken’s 


newspaper account of the trial at the 
time, or from the writings on anti- 
evolutionists of Thomas Henry Huxley — 
the only professional biologist who ever 
successfully and admittedly demolished the 
fundamentalists on their own ground— 
a more realistic picture of the significance 
to human thought of the events in Ten- 
nessee might have emerged. A short 
bibliography, an excellent glossary of 
technical terms, and an adequate index 
close the volume. 

EVOLUTION AND GENETICS. 

By Thomas H. Morgan 

Princeton University Press 
$1.00 5! X 8|; ix -f- an Princeton, N. J. 

This is a revised edition of the author’s 
well-known Vanuxem Lectures for 1915- 
16, originally entitled “A Critique of the 
Theory of Evolution.” A good deal of 
new material has been added, and the 
original four chapters expanded to thir- 
teen. While intended for a lay audience, 
the main problems of evolutionary biology 
are discussed with a critical vigor which 
is as admirable as it is unusual in these 
days. The last chapter on human inheri- 
tance is especially to be commended. 

THE DOGMA OF EVOLUTION. 

By Louis Trenchard More 

Princeton University Press 
$3.50 5IX9I, viii+387 Princeton, 

In this volume a physicist criticizes the 
work of biologists on the problem of 
organic evolution from a general philo- 
sophical standpoint. Some of this criti- 
cism is well founded and well sustained 
and may be read with profit by any biol- 
ogist. Much of it is mere special plead- 
ing in favor of religious mysticism as a 
system of philosophy. The book seems 
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certain to be seized upon by fundamen- 
talists as a valuable source of ammunition 
for their campaign. It lacks an index. 

DIE METHODEN DER PHYLOGENE- 
TISCHEN (STA.\LMESGESCHICHTLI- 
CHEN) FORSCHUNG (Handbuch der hio~ 
kgischen Arheitsmethoden, Liefer ung ijj). 

By Heinrich Hugo Karny 

Urban & Schi’arzenberg 
iz, 60 Marks 7 x 10; Z90 Berlin 

This number of the great Abderhalden 
Handbook of Biological Technique is 
strongly recommended to the general 
biologist. So far as we know, there does 
not exist in the literature any other book 
which covers quite the same ground as 
this in quite so useful a way. What it 
does is to give a general picture of the 
philosophy and logic of the methodology 
of paleontology, as applied to the elucida- 
tion of the problem of organic evolution. 
In doing this it also gives a general pic- 
ture of what paleontology has accom- 
plished towards the solution of this 
problem. Some enterprising American 
publisher might do well to arrange for the 
translation of this volume, if possible. 


GENETICS 

EXPERIMENTS IN GENETICS. 

By Charles Chamberlain Hurst 

The Macmillan Co. 
$16.50 7I X io|; xxiv 4- 578 Hew York 
This magnificent piece of book making 
by the Cambridge University Press, col- 
lects into one volume the more important 
papers covering the genetic work of the 
author during the thirty years from 1894 
to 1914. Major Hurst was a real pioneer 
in genetics, having begun his work on the 
hybridization of orchids under the inspira- 


tion of Darwin’s Fertilisatim of Orchids 
in 1894, before the dawn of the Mcndelian 
era. Except for the intemiption of the 
War he has been actively engaged in 
genetic researches from that date to the 
present time. The papers in this book 
fall into four general groups. The first, 
consisting of the first four papers, deals 
with the orchid work. The next twenty 
papers report the results of Mcndelian 
experiments with various genera of plants 
and animals, together with genetic studies 
of a more statistical character in horses and 
in man. The next ten papers discuss 
mainly the problems of the application of 
the principles of Meodelism to the prac- 
tical breeding of plants and animals, and 
also to some extent with eugenics. The 
last two papers have to do with the 
author’s latest researches on the genetics 
of the genus Rosa. It is a useful service 
to genetics to have these papers, originally 
published in widely scattered journals, 
collected in a single volume for reference. 


UBER V.\RIABILITAT, KORRELATHT: 
BEZIEHUNGEN UND VERERBUNG 
DER HAMFEINHEIT BEI SCHAFEN. 

(Bibliotheca Genetica^ Band VII.) 

By Walter Spottel Gebruder Borntraeger 
30 Marks 7! x laj; iv + 135 Leipzig 
and 8 pp. tables 

This extremely thorough and detailed 
biometric and genetic study of wool deals 
principally with the following topics: 
(a') the methods of measuring fineness of 
wool and the biometric treatment of these 
measurements; Q') the fineness of the wool 
of different races of sheep; (r) the correla- 
tion between fineness of wool and other 
morphological and physiological char- 
acteristics; (i) the inheritance of fineness 
of wool, in which section the author 
describes in detail his experimental work 
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in crossing Monfion and Somali sheep 
with Merinos. There is a bibliography 
covering five pages. Extensive tables of 
original data are given as an appendix. 


Oim PRESENT KNOWLEDGE OF 
HEREDITY. (A Series of Lectures Given- 
at the Mayo Foundation and the Universities 
of Wisconsin, Minnesota, Nebraska, loiva, 
and Washington (JSt. Louis'), ig2^-ip24.) 

W. B. Saunders Co, 
$1.50 si X 8; 150 pp. Philadelphia 

The authors and subjects of this scries 
of popular lectures are as follows: 
Heredity, the general problem and histor- 
ical setting, by W. E. Castle; the heredity 
of sex, by C. E. McClung; the inheri- 
tance of acquired characters, by J. A. 
Detlefscn; heredity in relation to cancer, 
by Maud Slye; the influence of heredity 
on the occurrence of cancer, by H. G. 
Wells; eugenics, by M. F. Guyer. The 
volume contains nothing that is particu- 
larly new, but it may be found useful as 
collateral reading in elementary courses 
in general biology and genetics. 


DIE CHROMOSOMENZAHLEN DER 
HAUPTSACHLICHSTEN GETREIDE- 
ARTEN NEBST ALLGEMEINEN 
BETRACHTUNGEN CBER CHROMO- 
SOMEN, CHROMOSOMENZAHL 
UND CHROMOSOMENGROSSE IM 
PFLANZENREICH. (^Bibliotheca Genetica, 
Band VIIL) 

By Karl Viktor Stol:(p Gebruder Borntraeger 
9,60 Marks yf x io|; iii + 71 Leipzig 
In a systematic way this treatise re- 
views the existing literature on chromo- 
somes in the grains, and presents the 
author’s own results in this field. There 
follows a brief presentation of data re- 
garding chromosomes in the plant king- 


dom in general. There is a bibliog- 
raphy of 151 titles. This work will 
be especially useful to the geneticist for 
ready reference to this particular aspect 
of plant cytology. 

DIE GENETIK DER KARTOFFEL. 
(Bibliographia Genetica I. 1924,) 

By C, Fruioirth Martinus Nijhoff 

1.50 Florins 61 x 9I; 48 The Hague 
The distinguished plant geneticist, 
Fruwirth, summarizes critically here the 
present state of knowledge regarding the 
genetics of the potato, with an appended 
bibliography of more than 180 titles. 
The titles covered are: blossoms and fruit; 
inbreeding; hybridization; spontaneous 
variation; grafting; degeneration; and the 
effect of selection. 


GENETIC MONOGRAPH ON PISUM. 
(Bibliographia Genetica IL 1929), 

Ey S, /. Wellensiek. Martinus Nijhoff 
$x.6o 6| X 10; 134 The Hague 

This volume reviews critically the ex- 
tensive literature on the classic form of 
post-Mendelian genetics, the pea. Teach- 
ers of biology will find it a useful reference 
work in spite of the sometimes quaint 
English. The bibliography includes some- 
thing over 180 titles. 


HEREDITY IN RABBITS AND 
GUINEA-PIGS. (Bibliographia Genetica 
1. ipzs.') 

By W, E, Castle, Martinus Nijhoff 

$1.00 6| X 9I; 40 The Hague 

Professor Castle divides his authorita- 
tive review of the present state of knowl- 
edge regarding the genetics of rabbits and 
guinea-pigs into the following sections: 
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Introduction; origin of the domestic 
rodents; coat characters of the rabbit; 
blending inheritance in the rabbit; the 
Inherited characters of guinea-pigs; histor- 
icai. There is a bibliography of 84 
titles. 

GENETISCHE UNTERSUCHUNGEN 
AN MOOSEN. (Musci md Hefaticael) 
(Bihliografhia Genefka L ipa/.) 

By F. von Wettstdn. hiartinus Nijhff 
1 Florins 61 x 9! ; 38 The Ha^ue 

This general review of the genetics of 
mosses (Musci and Hefatkai) discusses the 
material under the following headings: 
Embryology; genetic investigations; cross- 
ing experiments; sexuality in mosses. 
There is a bibliography covering six pages. 


GENETISCH-PHYSIOLOGISCHE ANA- 
LYSE DER HETEROSTYLE. (Bihlk- 
grafhia Genefka II. 192^.^ 

By G. von Ubisch. Martinus Nijhoff 

1. 80 Florins x 10; 56 The Hague 
This is an excellent review of the 
present state of knowledge of the genetics 
of heterostylism in plants. The sig- 
nificance of physiological and environ- 
mental factors, as well as purely genetic, 
in the production of this condition are 
discussed. There is a bibliography of 81 
titles. 

UNTERSUCHUNGEN UBER DIE FAK- 
TORIELLE KONSTITUTION EINIGER 
K 0 MPLEXHETER 02 YG 0 TISCHER 
ONOTHEREN. (Bibliotheca Genetka, 
Band IX.) 

By 0 . 'Kenner Gehtuder Bomtraeger 

zx Marks yi x io|; iii + 168 Leipzig 
This valuable summary of an important 
scries of genetic studies is discussed in 
detail in this number of The Quarterly 


Review or Biology by Dr. A. H. Stur- 
tevant (cf. supra, pp. 283 ~z 88 ). 


DIE GATTUNG EPILOBIUM. (BMi- 
ographia Genefka L 

By Ernst Lehmann hiartinus Nijhoff 
Z.80 Florins x 9!; 56 The Hague 
The author deplores the fact that plants 
of the genus Epikhium have not been as 
much used for genetic studies as the 
nearly related genus Oenothera. That a 
beginning has been made in this direction, 
however, is indicated by the fact that his 
bibliography of the pertinent literature 
includes over 177 titles. The review in 
eludes a discussion of the general systema- 
tic and morphological bases for the use ol 
Epilobium as genetic material, followed 
by sections on the natural hybrids in the 
genus, and the experimental genetic 
studies which have so far been carried 
out. 

GENERAL BIOLOGY 


BIOLOGIE DER TIERE DEUTSCH- 
LANDS. (Lieferungen 1-6.') 

Edited by Paul Scbul%e Gebruder Borntraeger 
Lief. I, 0,81 Marks 43 pp. Leipzig 

Lief, z, 0,9 Marks 55 pp. 

Lief. 3, 1,44 Marks 5I x 8|; 69 pp. 

Lief. 4, 1,8 Marks 77 pp. 

Lief. 5 . 5 ^ PP- 

Lief. 6. 64 pp. 

These little treatises represent the be- 
ginning of a useful enterprise. The 
Biokgie der Tiere Deutschlands will attempt 
to fill the need for a work which will, 
within moderate compass, set forth in an 
authoritative way the important facts 
regarding the general biology of all the 
animal groups represented in Central 
Europe. Separate parts will be contrib- 
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utcd by specialists. Judging by the 
first six parts, the result, if the project is 
carried through to completion, will be 
a first-rate general natural history. The 
groups dealt with in the parts before us, 
and the authors, are as follows: Fresh 
Water Sponges by Paul Schulze; Fresh 
Water Hy droids by Paul Schulze; Classifica- 
tion of the Families of Mites Found in Ger- 
many by H. Vitzthum; Ixodina by Paul 
Schulze; Thysanoptera by H. Priesner; 
Leaf Mining Insect Larvae by Martin 
Hering; Hydracarina by Karl Viets; Erio- 
phyina by Paul Schulze; Other Acarina by 
H. Vitzthum; Araneina by U. Gerhardt; 
Fish by A. Remane; Gastrotricha by Paul 
Schulze; Diptera by E. Lindner; Turhel- 
laria by E. Reisinger. The numbers 
before us are well illustrated and contain 
brief but useful bibliographies in each 
case. According to the dates on the 
parts before us no number seems to have 
been issued since 1913. It is to be hoped 
that so promising an enterprise has not 
come to grief thus early in its career. 

SYLLABUS DER INSEKTENBIOLOGIE. 
(Lieferung i.) 

Edited by Hans Blunch Gehruder Borntraeger 
6 Marks 5^ x 8|; 136 Leipzig 

This is the first number of an extremely 
ambitious undertaking which, if carried 
through to completion, will be of enor- 
mous usefulness not only to entomolo- 
gists but to biologists in general. What 
it aims to do is to give a detailed subject 
index of the data of general biological 
interest, as contrasted with purely taxo- 
nomic interest, in the literature of ento- 
mology. An elaborate system of abbre- 
viations and condensations is employed 
to keep the work within reasonable 
bounds. We shall watch with the great- 
est interest the progress of this work. 
The present number makes a fair beginning 


on the Coleoptera. The general editorship 
of Dr. Hans Blunck insures that the work 
will be done with thoroughness. 


THE GROWTH OF BIOLOGY. 

By William A. Locy. Henry Holt and Co. 
$4.00 5I X. 8|; xiv 4 - 481 Hew York 
This posthumous book by Professor 
Locy is a valuable addition to the existing 
manuals on the history of biology. It 
deals with the history of zoology from 
Aristotle to Cuvier; of botany from 
Theophrastus to Hofmeister; and of 
physiology from Harvey to Claude Ber- 
nard. It is in the main written around 
the lives of the individuals who made 
the advances in biological science. The 
book is well indexed and illustrated with 
140 text figures. It is distinctly a better 
piece of work than the author’s earlier 
book, “Biology and Its Makers.” 


THE BIOLOGY OF POPULATION 
GROWTH. 

By Raymond FearL Alfred A. Knopf 
$3 .50 5I X 8|; xiv -f- 160 New York 
The results of the author’s most recent 
studies, experimental and statistical, of 
various aspects of the population prob- 
lem are recorded in this book. Most of 
the material has not been published 
hitherto. There is a bibliography of 165 
titles. The topics discussed, after a 
general introductory chapter having the 
purpose of orienting the reader in rela- 
tion to earlier work, are: The growth of 
experimental populations of Drosophila; 
the indigenous native population of Al- 
geria; the mortality of the native popula- 
tion of Algeria; the birth rate of the 
native population of Algeria; the in- 
fluence of density of population on fer- 
tility; the differential birth rate and the 
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population problem; human behavior and 
the birth rate. 

PROCEEDINGS OF THE ANNUAL 
CONGRESS ON MEDICAL EDUCA- 
TION, RlEDICxiL LICENSURE, PUBLIC 
HEALTH AND HOSPITALS. Held in 
Chicago j March p, 10, ii and 12, ipij. 

Press of American Medical Association 
* 50 cents 8|- x ii|; 134 Chicago 
A reprint, in convenient form, of the 
papers and addresses given at the Con- 
gress specified in the title. Teachers of 
pre-medicai biology courses will find it 
useful in getting the point of view of the 
medical educator. 


OUTLINES OF GENERAL BIOLOGY. 
An Introductory Laboratory Manual. 

By Charles W. Hargitt and George T. Hargitt. 

Lea and Febiger 
$1.00 5§ X 8; vi + 191 Philadelphia 

The fifth edition of a well-known 
laboratory guide for an elementary course 
in general biology. The chief alteration 
in this edition is the addition of directions 
for the study of the flatworms, both free 
living and parasitic. 


DIE ISOPOTENZ ALLGEMEIN 
HOMOLOGER KORPERTEILE DBS 
METAZOENORGANISMUS. QAbhand- 
Imgen -^r theoretischen Biologic Heft 22.) 

By N. G. Lebedinsky. Gehruder Borntraeger 
3,30 Marks 6| x 10; iii + 36 Leipzig 
This small volume deals critically with 
the somewhat specialized problem of the 
functional and structural consequences of 
metamerism. The principal conclusion 
reached is the one suggested by the title, 
that generally homologous parts of the 
body are dcvclopmentally isopotent. 


HUMAN BIOLOGY 


OLD AMERICANS. 

By Aid Hrdldka. 

The Williams & Wilkins Co. 
$10.00 6| X 9I; xiii + 438 Baltimore 

This book is a detailed account of an 
investigation which has been carried on 
by Doctor Hrdll^ka for the past fourteen 
years. It presents extensive data to show 
just what physically, and in some measure 
also physiologically, the old American 
stock represents, and what developmental 
changes, if any, have already been real- 
ized in it, and towards what it is tend- 
ing. By “Old Americans** are meant in 
general those American whites who have 
been longest in this country. In fact the 
term is restricted in the investigation to 
mean those Americans whose ancestors 
on each side of the family were bom in 
the United States for at least two genera- 
tions. The following arc the main topics 
dealt with: an historical sketch of the 
Old American stock; pigmentation; 
measurements and morphological observa- 
tions, which includes a thorough gen- 
eral anthropometric survey of the individ- 
ual; physiological observations; discussion 
of certain general problems on the basis of 
the data; and finally the future American 
type. In view of the author’s position in 
the anthropological world it is really un- 
necessary to state that the work has been 
done with extreme care and thoroughness, 
and will stand as a permanent anthropo- 
logical reference work. The book closes 
with a detailed index, covering pages. 

THE HOMICIDE PROBLEM. 

By Frederick L. Hoffman. 

The Prudential Press 
6 X 8|; 106 Newark, N. J. 

The indefatigable Nestor of American 
vital statisticians performs once more a 
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useful senricc to the student of human 
biology by bringing together a long series 
of papers dealing with the statistics of 
murder, originally contributed to in- 
surance journals which practically never 
come to the attention of biologists. For 
the United States he gives detailed records 
of homicides from i88z to 1914. In the 
period from 1900 to 19x4 inclusive a vast 
number of laws intended to make and keep 
us good have been put upon the statute 
books of the various commonwealths 
which compose these United States, as 
well as upon the records of the doings of 
the Federal Congress. It is an interesting 
and grimly humorous fact that the homi- 
cide rate per 100,000 of population in 
x8 of the larger American cities, doubled 
in this period. We are under the im- 
pression that students of human biology 
can obtain this valuable little treatise of 
Doctor Hoffman’s without cost, by appli- 
cation to the Prudential Life Insurance 
Company of America. 

HEALTH CONDITIONS AND DISEASE 
INCIDENCE AMONG THE ESKIMOS 
OF LABRADOR. 

By Samuel King Hutton. The Wessex Press 
6 Shillings yf x io|; 74 Poole, England 
The author of this much too brief book 
was for seven years a practicing physician 
among the pure-blooded Eskimos of 
Northern Labrador. It is an extremely 
interesting account of his observations 
on disease among these people. It con- 
stitutes a valuable source for the stu- 
dent of human biology in general, and 
in particular for the philosophically 
minded student of the problems of public 
health. These Eskimos live in a harsh 
environment, where the struggle for 
physical existence is an ever-present 
reality. Natural selection eliminates 
from 40 to 60 per cent of the population 


before the age of 5 is reached, and the 
survivors are highly adapted to living 
under the conditions imposed by their 
particular environment. Space is lacking 
here to quote many of the detailed results; 
only three may be mentioned briefly. 
The author never saw or heard of a case 
of malignant new growth in an Eskimo. 
Among the real meat-eating Eskimos he 
never saw or found any record suggestive 
of the occurrence of appendicitis. Re- 
garding tuberculosis, he makes the follow- 
ing interesting observation: It is an in- 
troduced disease; there is no evidence that 
it existed as a natural disease among 
primitive Eskimo tribes. “It is not a 
widespread cause of death among the 
Eskimos, but runs very markedly in 
certain families.” 


MEDICAL HEREDITY. Distinguished 
Children of Physicians (United States, to 

ipio.) 

By William Browning. 

The Norman, Remington Co. 
$4.00 X 9I; z6x Baltimore 

This entertaining volume performs a 
real service to the student of human 
biology. It provides him with a classi- 
fied list of American persons who attained 
some degree of distinction in some field of 
human activity, and were the children of 
physicians, the list ending with the year 
1910. The fields in which distinction 
were attained are divided into sixteen 
general classes, and within each class the 
names are arranged chronologically by 
birth date. This list is followed by some 
40 odd pages of review and commentary; 
four appendices; and a general index of 
names. The book provides a mine of 
material for the biometrician, not at all 
exhausted by the rather simple statistical 
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summaries which are as far as the author 
himself ventures in this direction. Dr. C. B. 
Davenport contributes an introduction. 


ALLGEMEINE RASSENKUNDE. Als 
Emfuhrung in das Studium dsr Mmschen- 
rassm. 

Dr. Walter Scheldt. J. F. Lehmann 
33 Marks 7 x lof ; xlii + 585 Munchen 
This stately and beautifully printed 
volume is the first In a proposed large 
work on Rassenkmde undertaken by Dr. 
Walter S. Scheldt in cooperation with 
Doctors Gero von Merhart, Richard 
Thurnwald and Ernst Wahle. This in- 
troductor*}' volume will be followed by 
a series on the anthropolog}^ of special 
races, of which the next announced 
for publication will deal with the 
races of Europe and the extra-Euro- 
pean Mediterranean races. The six sec- 
tions of the present volume discuss the 
following subjects: The idea of race in 
anthropology and the classification of 
human races (historical review); inheri- 
tance in man; the manifoldncss of human 
characters; selection in man; concept of 
race in human beings; human inheritance, 
and racial characters. The book closes 
with extensive indices. It is a significant 
addition to anthropological literature, 
which must be in every adequate library 
of the subject. 

THE NEW AGE OF FAITH. 

By John Langdon-Davies. 

The Viking Tress 
$1. 50 5I X 8|; ^55 tdew York 

This book is a counterblast to the writ- 
ings of A. E. Wiggam, Lothrop Stoddard, 
Madison Grant and their ilk. The author 
is stated to be a journalist and popular 
lecturer. The problem with which the 
book deals is the significance of the 
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science of biology, in its modem aspects, 
for the development and control of human 
social relations. A rather extreme en- 
vironmentalist position is emphasized 
throughout. 

THE NATURAL INCREASE OF MAN- 
KIND. 

By J. Shirley Sweeney^ with an mtrodMtion 
hy William H. Welch. 

The Williams & Wilkins Co. 
$4.00 6 X 8|; 185 Baliimm 

This book gives an account of a de- 
tailed biometric study of the vita! index 
(Birth /Death ratio) of all the populations 
of the world for %vhich the necessary statis- 
tical data are available. An entertaining 
and historically valuable introduction is 
contributed by Doctor Welch. There is 
a bibliography of 86 titles and appendices 
of the raw statistical data used in the 
inquir)', which wrili be useful to other 
students of the population problem. The 
book is well indexed, and makes a definite 
contribution to the much discussed popu- 
lation problem. 

CANCER MORTALITY AMONG IN- 
SURED WAGE EARNERS AND THEIR 
FAMILIES. The Experience of the Metro- 
politan Life Insurance Company Industrial 
Department ipii to 1^22. 

By Louis I. Dublin, Edwin W. Kopf, George 
H. Van Buren. 

Metropolitan Life Insmame Co. 

6| X 9I; 104 Hew York 
A detailed analysis of the experience of 
the Metropolitan Life Insurance Com- 
pany relative to mortality from cancer. 
In certain respects the material con- 
siderably surpasses in value that which 
can be derived from official vital statis- 
tics. The general conclusions as to the 
trend of cancer mortality arc somewhat 
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more optimistic than many recent ones 
have been, which were based upon less 
adequate material and less careful statis- 
tical analysis. The authors are to be con- 
gratulated for having produced such an 
excellent piece of timely bio-statistical 
research. 

ZOOLOGY 


THE BIOLOGY OF FISHES. 

Bjy Harry M. Kyle, The Macmillan Co. 
$4. 50 5! X 8f ; xvi + 396 New York 

This is a well written and illustrated 
account, from the point of view of 
modern biology, of the natural history 
of fishes. The general topics discussed 
are: The general characters of fishes; 
habits in general; migration; development; 
regulation of the form and structures; 
economy of the body (i) production and 
transport of energy, (i) utilisation and 
emission of energy; variation and differen- 
tiation; the genealogy of fishes; distri- 
bution of fishes in time and space; 
adaptations to suit particular conditions; 
fishes and the web of life; the food ques- 
tion ; mental life. A bibliography of some 
fourteen pages documents the statements 
in the text. The book closes with a 
good index. 

MANUAL OF INJURIOUS INSECTS. 

By Glmn W. Herrick, Henry Holt and Co. 
$4. 50 5I X 8|; xxi + 489 New York 
This is a thorough, systematic treatise 
on economic entomology, intended pri- 
marily for students of agriculture. The 
first four chapters are of a general intro- 
ductory character, and are followed by 
seven chapters on various methods of 
control of insects injurious to crops, or in 
other ways. The remaining chapters of 
the book deal with the insects injurious 
to particular crops, taken one by one or in 


small homogeneous groups. This plan 
of arrangement involves a good deal of 
repetition, but is probably the most use- 
ful one for the agricultural student. The 
general zoologist will find this a handy 
reference work. 

ZOOLOGIE IM GRUNDRISS. (Liefer^ 

ungen i und a.) 

By Walter Stempll. Gebrudsr Bomtraeger 
Lieferung i, 6,60 Marks Berlin 

7I X lol; xviii + 336 
Lieferung z, 6,90 Marks 
These two parts constitute the beginning 
of a textbook of general zoology conceived 
on broad and inclusive lines. A brief 
introduction of sixteen pages deals with 
the underlying ideas and scope of zoology; 
with its different divisions; and finally 
with its history. Then begins the first 
main section of the whole work, which 
discusses the morphology and taxonomy 
of animals. About 50 pages are given to 
promorphology, which is taken to mean, 
in the first instance, the general principles 
of cytology and histology and, secondly, 
the ground plan of animal morphology. 
The remainder of these two parts is taken 
up with a systematic discussion of the 
comparative morphology of the different 
animal groups up to and including the 
vertebrates. So far as may be judged from 
these firsr parts, the work when completed 
will form a useful and welcome addition 
to the general textbook literature of 
zoology. 

BRITISH BIRDS. Vol. IL 
By Archihald Thorium, 

Longmans, Green and Co, 
$5.50 6 X 8f; ix -|- 130 New York 

The second volume of this beautifully 
illustrated handbook of British Birds, of 
which the first volume was noticed in 
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No. I of The Quarterly Review or 
Biology, deals with six orders, as follows: 
Passerjs, Picariae^ Strides, Accifitm, Stega- 
mpodes^ a,nd Herodiones, The 48 colored 
plates in this volume seem even more 
charming than those in the first volume. 
While the text is meager in amount it con- 
tains many interesting and useful bits of 
information on habits and life histories. 


DIE AMEISENMLMIKRY. exak^r 
Bei^rag Mimikryprohkm nnd ^ur Theom 
der Anpassmg, {Abhandlmigm '^r theon- 
tischen Biologk, Hsft 
By Erich Wasmmin, S, J, 

Gebruder Borntrasger 
9 Marks 6| x 10; xli + 164 Leipzig 
This detailed and highly technical 
review of the facts regarding the mimicry 
of ants by their guests, ends on a note of 
high piety- The wisdom and goodness of 
God seem to be the chief causal factors 
concerned with the production of adap- 
tive mimicry, with the principle of natural 
selection as a very second-rate helper. 
The less spiritual portions of the book 
will be found useful for reference. 


LABORATORY DIRECTIONS IN GEN- 
ERAL ZOOLOGY. 

By W interton D, Curtis and Mary J. Guthrie, 
John Wiley and Sons 
$i .50 5! X 3; xxxiii 194 Hew York 

This is a revised and extended edition of 
similar manuals published at various times 
since I9IZ by the senior author. It 
represents the accumulated experience of 
some twenty years development of the 
beginning course of zoology at the Uni- 
versity of Missouri. It outlines a splen- 
didly organized elementary course. 


A LABORATORY GUIDE IN GENERAL 

ZOOLOGY. 

By A. Richards. Lea and Fehiger 

$1.75 5J X S; viii -f- 149 PhiladdpMa 
The fourth edition, thoroughly revised, 
of a laboratory guide for a course in ele- 
mentary general zoology. It oilers no 
particularly original features, but the 
material is well worked out pedagogicaliy. 

BOTANY 

METHODS OF DESCRIPTIYE SYS- 
TEMATIC BOTANY. 

By A. S. Hitchcock. John Wiky and Sms 
$1. 50 Sx 9;}; vii -1-116 Sew York 
In a thorough-going, practical way this 
book discusses die method olo^gy of sys- 
tematic botany. The beginner in any 
sort of taxonomic work has hitherto had 
to learn the technique of his trade by main 
strength and awkwardness, or by serving 
as an apprentice to some expert. With 
great skill and good judgment Doctor 
Hitchcock has produced a logical, well- 
ordered description of both the general 
principles and the details of this technique. 
There is no parallel treatise to this on the 
zodlogical side. Perhaps Doctor Hitch- 
cock’s successful achievement will stimu- 
late some zoologist to write one. In the 
meantime the beginning taxonomist in 
the animal world will find much that is 
helpful to him in this book. 

THE AMERICAN OAKS. (National 
Academy of Sciences Memoirs^ Volume AX.) 
By William Trelease. 

Government Printing Office 
$3.15 Washington^ I). €. 

9I X ii|; V + 155 ; 410 plates 
This is a thorough, detailed and com- 
prehensive revision of the species of the 
genus Quercus found on the North Amcri- 
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can Continent. It is extensively and 
beautifully illustrated, and will stand for 
all time as a monumental piece of re- 
search in systematic botany. 

A LABORATORY GUIDE FOR A 
COURSE IN GENERAL BOTANY. 

By Lee Bonar^ Richard M. Holman and 
Lucile Roush, John Wiley and Sons 
$1.15 6 X 9I; xvi + 106 New York 

This is an excellent laboratory outline 
for a college or university course in general 
botany, worked out at the University of 
California, and tested over a five-year 
period in mimeograph form before being 
reduced to print. The first part of the 
course gives the structure and functions of 
seed-bearing plants, carrying along physi- 
ological and morphological work side by 
side. The second part presents typical 
examples of the principle groups of plants 
for study, the work being made to bear 
directly upon the general principles of 
classification in the plant kingdom. Why 
is it that the pedagogy of elementary 
botany is so much better than that of 
elementary zoology, generally speaking? 

BERGEY’S MANUAL OF DETERMI- 
NATIVE BACTERIOLOGY. A Key for 
the Identification of Organisms of the Class 
Schixpmycetes, 

By David H, Bergey. 

The Williams ^ Wilkins Co. 
$5.50 6| X 9J; xvi -|- 462. Baltimore 

This second edition of Bergey’s well- 
known manual of condensed keys and 
species descriptions, for the determination 
of the taxonomic position of bacteria, 
differs from the first chiefly in alterations 
necessitated by changes in the nomen- 
ciatural status of genera, and in the addi- 
tion of new genera and species described 
since the book was first issued. It is a 


standard work in the field. There is an 
index of genera and species covering 
twenty odd pages. 


GRUNDLINIEN ZUR ENTWICK- 
LUNGSMECHANIK DER PFLANZEN- 
GEWEBE. (Abhandlungen Xtir theoretischen 
Biologic Heft 20.') 

By H. Pfeiffer. Gebruder Borntraeger 

6 Marks x 10; vi + Leipzig 

This volume presents a critical review " 
of the literature on experimental morph- 
ology in the plant kingdom. While 
it is fair to say that, with a few ex- 
ceptions, the botanical workers in this 
field seem to have drawn upon the school 
of Roux for their guiding ideas, the 
volume can be read with profit by the 
experimental animal morphologist. 


MORPHOLOGY 


A LABORATORY MANUAL OF THE 
ANATOMY OF THE RAT. 

By Harrison R. Hunt. The Macmillan Co. 
$1.15 5x7!; vii + 1^3 New York 

The author suggests that the rat may 
well replace the cat or dog as a subject 
for dissection in college courses in verte- 
brate anatomy, and ofi’ers this manual as 
a laboratory guide for such use. By 
deliberate intent the book is not Illus- 
trated, which is probably a mistake from 
the standpoint of its specific pedagogical 
purpose, and certainly greatly reduces its 
value as a reference work. The whole 
treatment is rather elementary and super- 
ficial. What is needed is a treatise on 
the anatomy of the rat comparable in 
thoroughness and detail to Reighard and 
Jennings' Anatomy of the Cat. 
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directions for the dissection 

OF THE CAT. 

By RokrP Fajne Bigelow, 

The Macmillan Co. 
$c. 90 5 X yf ; xi + 47 EHetu York 

This is a laboratory guide for the dissec- 
tion of the cat, arranged to accompany 
Reighard and Jennings’ long and favorably 
known treatise on the Anatomy of the 
Cat, to which specific page references 
are given throughout. 

•LABORATORY imNUxiL OF THE 
FOETAL PIG. 

By W. J. Baumgar. ner. The Macmillan Co. 
$0.90 5 X 7I; xii + 57 New York 

Owing to the difficulty which the 
author alleges to exist in obtaining small 
mammals for material in courses in the 
comparative anatomy of the vertebrates, 
or for the mammalian portion of an ele- 
mentary zoology course, the foetal pig is 
offered as a substitute, and the present 
volume as a laboratory guide for its dissec- 
tion. Five general arguments arc offered 
as to why the foetal pig is a good substi- 
tute. Three of these arguments seem 
very feeble indeed, and the fifth rather 
completely refutes whatever validity 
might have been supposed to inhere in the 
other four. 

PHYSIOLOGY 

ORALE REIZTHERAPIE. Bin Beitrag 
ZM der Stellungnahme Gebeimrat Biers z^r 
Homoopathie. 

By Arnold Zimmer. F. C. W. Vogel 
5 Marks 6^ x 9I'; 107 Eeipzig 

This book gives a detailed account of 
an extensive, experimental investigation 
carried out in the Surgical Clinic of the 
University of Berlin, undertaken for the 
purpose of scientifically testing the under- 
lying tenets of homeopathy. The work 
seems to have been carefully done. The 


results arc somewhat surprising in iedi-' 
eating that perhaps there is more in the 
homeopathic theory than has commonly 
been supposed, particularly so far as 
concerns the size of dosage. The work 
has genera! biological interest to the 
student of Kt 

REPRODUCTION IN THE RABBIT. 

By John Hammond (with foreword and chap- 
ter on the formation of the corpus luteum by 
F. H. A. Marshall.') Oliver and Boyd 
15 s. net 6x9; XXV -}- 210 London 
This book constitutes No. IV of the 
useful series of Biological Monographs 
and Manuals of which the General Editors 
are Dr. F. A. E. Crew and Dr. D. Ward 
Cutler. It contains the account of a 
long experimental investigation, with an 
adequate review of the pertinent litera- 
ture, on the physiology of reproduction 
in the rabbit. After a short introductory 
chapter on material and methods, the 
book deals successively with reproduction 
in the male; the female reproductive 
phases; the formation of the corpus 
luteum (contributed by Prof. F. H, A. 
Marshall, F. R. S.); ovulation and the 
Graafian follicle; the preliminaries to 
fertilisation; sterility; the effects of lac- 
tation; the duration of pregnancy; and a 
summary of the results. Brief but ade- 
quate bibliographies follow each chapter, 
and there arc excellent author and subject 
indices. This is a book which every 
laboratory doing biological work of any 
sort with the rabbit as material, will 
need on its shelves. 

MUSCULAR ACTIVITY. 

By Archibald Vivian Mill, 

The Williams & WilMns Co, 
$2.75 5f X 8 f ; 115 Baltimore 

This volume contains the sixteenth 
course of lectures on the Hcrter Founda- 
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tion at the Johns Hopkins School of Medi- 
cine, delivered in 1924 by the Professor of 
Physiology in University College, London. 
They give a condensed account of Profes- 
sor Hill's own important researches on the 
physiology of muscle in their relation to 
the general body of knowledge on that 
subject. Short bibliographies follow each 
chapter. The book is well indexed. 


INFLUENCE OF THE THYROID 
GLAND ON OXIDATION IN THE 
ANIMAL ORGANISM. 

Bj Edward C. Kendall 

Columhla University Press 
$0.60 X 9I; 36 (paper covers) Hew York 
This is the lecture given on the occa- 
sion of the award to the author of the 
Charles F. Chandler Medal in Chemistry 
by the Trustees of Columbia University. 
It deals with the chemistry and physio- 
logical properties of thyroxin, the active 
principle of the thyroid gland obtained 
in crystalline form by Doctor Kendall. 


LIGHT AND HEALTH. A Discussion 
of Light and Other Radiations in Relation 
to Life and to Health. 

By M, Luckiesh and A. J. Pacini. 

The Williams & Wilkins Co. 
$5.00 6| X 9i; viii + 301 Baltimore 

Using “light” in an extended sense to 
mean “radiant energy” or “radiation,” 
the authors have attempted to give a 
non-technical account of the present state 
of knowledge of the effect of light upon 
living organisms, and particularly man. 
After three general introductory chapters 
special chapters are devoted to the in- 
fluence of light on the blood, the skin, 
the glands, the skeleton, the muscles, 
the nerves, the viscera, infectious dis- 
eases, hygiene in general, the senses, 
mental conditions, and health and happi- 


ness in general- On some points the book 
is not at all critical of the evidence, but 
the most important defect is that through- 
out there is no indication of the sources 
from which the evidence is derived. 
Author’s names are mentioned, but there 
is no slightest indication of where their 
writings are to be found, or what particu- 
lar ones are referred to. This omission 
seriously reduces the value of the book 
for scientific purposes. 

BIOCHEMISTRY 

HANDBUCH DER BIOLOGISCHEN 
ARBEITSMETHODEN. Lieferung jjS. 
Containing following articles: Verhutung 
von Lab or atoriumsunf alien, by Ferdinand 
Flury; Indikatoren, by E. E. Chapski; 
Charakteristische Kohlenstoff^Stickstoff-Kon’ 
densationen der Carbonylkbrper, by Ernst 
Komm; Acylieren, by Fritz Wrede; Die 
Veresterung der Carboxylgruppe, by Franz 
Bach6r. Urban & Schwatxenherg 

i6,ao M. y ^x 10; 384 + xxiv Germany 
Of the articles contained in this number 
of the Abderhalden Handbook of Biolog- 
ical Technique perhaps the first two are 
of the greatest interest to general biology. 
The first deals with the prevention of lab- 
oratory accidents, and the second with the 
chemical constitution, properties and uses 
of indicators. Both topics are discussed 
with genuine Teutonic thoroughness. 

MIKROANALYSE NACH DER MIKRO- 
DENNSTEDT-METHODE. 

By Casimir Funk. /, F. Bergmann 
1,50 Marks 6 x 8f ; 15 Mmchen 

This little pamphlet deals with refine- 
ments of microchemical analysis. It is 
not entirely clear why it was thought 
necessary to publish these 15 pages as a 
book rather than as a contribution to 
some established chemical journal. 
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OXYDATION UND REDUKTION. 
(Handhuch der Bklogischen Afbutsmethodsn, 
Lkferung 174-') 

By Richard Stoermer, 

Urban & SchwarXenherg 
2.1 Marks 7 x 10; 456 Berlin 

This part of the Abderhalden Hand- 
book deals in great detail and complete- 
ness with the application of different 
oxydizing and reducing agents to the 
attainment of particular biological ends. 
It will be a useful reference work for the 
•biochemist. 

SEX 


Vacant 

(Because of the odd, but true, circumstance 
that no book falling in this field has 
reached Thb Quarterly Review of 
Biology during the past three months.) 


BIOMETRY 


STATISTICAL METHODS FOR RE- 
SEARCH WORKERS. 

By R. A, Fisher, Oliver and Boyd 

15 shillings 6 x 9; ix Z39 London 
4- 6 pp. tables 

This volume constitutes No. HI of the 
scries of biological Monographs and 
Manuals under the editorship of Doctors 
Crew and Cutler. It aims to give the 
biologist an account of the elementary 
biometrical technique useful in connec- 
tion with the treatment of his problems. 
The viewpoint and methods of treatment 
are in some respects novel, representing 
the views of the author, who is one of 
the most distinguished of mathematical 
statisticians. While this is desirable and 
in every respect praiseworthy, it seems 
a littb unfortunate that Mr, Fisher has 
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felt it necessary to use so extensively a 
new and somewhat confusing terminology. 
It is probable that on this account the 
biologist may find this book less useful 
practically than Yule’s Inmductm to the 
Theory of Statistics, 


VARIATIONS IN THE COMPOSITION 
OF MILK. 

By J, F, Tocher. H. M. Stationery Office 
£i IS. yf X loj; 195 Edinburgh 

This is a detailed and thorough bio- 
metric study of variation and correlation 
in the chemical composition of cow’s 
milk. It is a substantial contribution to 
knowledge, and will stand as a valuable 
reference work. The author seems en- 
tirely unacquainted with the fact that 
any biometrical work has been done upon 
this subject in this countr)". 

PSYCHOLOGY AND BEHAVIOR 

WHY WE BEHAVE LIKE HUMAN 
BEINGS. 

By George A. Dorsey, Harper and Brothers 
$3.50 5|x 6i;xv-f5ii New York 

This non-fiction “best seller,” by the 
one time Associate Professor of Anthro- 
pology in the University of Chicago and 
Curator of Anthropology at the Field 
Museum, attempts to tell in a volume 
which can be held in one hand the com- 
plete and up-to-date story of the raw 
materials of human nature and the possi- 
bilities of intelligent behavior. This is 
a large order, and, some%vhat as in the 
case of Samuel Johnson’s dog the wonder 
should be not that the author did not do 
a better job but that he attempted to do 
it at all. The whole range of general 
biology, anatomy, physiology, psychol- 
ogy, and anthropology, not to mention 
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medicine and hygiene, are called upon to 
fumisli the elements for the account of 
why we are as we are, and behave as we 
do. While the turgid and clipped style 
in which the book is written will be 
offensive to some, and while others will 
not agree with the position taken by the 
author on certain questions, such as be- 
havioristic psychology, it cannot be denied 
that Doctor Dorsey has produced an enter- 
taining, popular scientific treatise on man. 
It will be found particularly useful by 
teachers of general biology for assign- 
ment as collateral reading. A brief bib- 
liography and a thorough index complete 
the volume. 

BEHAVIORISM. 

Bjy John B, Watson. 

The PeofEs Institute Publishing Co. 
$3.00 6x9; 148 New York 

An extended review of this book is 
expected to appear in the next number of 
The Quarterly Review of Biology. 


INFLUENCING HUMAN BEHAVIOR. 
By H. A. Overstreet. 

The PeofWs Institute Publishing Co. 
$3.00 6 X 8f ; viii -f 2.96 New York 

We highly recommend this most enter- 
taining volume to students of human and 
animal behavior. It concerns the tech- 
nique of making people, individually or 
collectively, do what you want them to do. 
In particular this technique is developed 
relative to public speaking, advertising, 
and general writing. The book is well 
written and authoritative. The appalling 
thing about it is that it proves so con- 
clusively the precision with which the 
technique works. Anybody who has any 
lingering doubts that there may possibly 
be such a thing as freedom of the will 
should read this book and see how simple 


a matter it is for any skillful “go-getter” 
to make him do precisely what is wanted. 


THE THYROID INFLUENCE ON THE 
BEHAVIOR OF THE WHITE RAT. 
(Comparative Psychology Monograph, VoL 
II, Serial No. i.) 

By Edna Rickey. 

The Williams & Wilkins Co, 
$1.50 6f X 9I; 76 (paper cover) Baltimore 
A detailed investigation indicated that 
either an excess or deficiency of thyroid 
gland substance unfavorably affected the 
behavior of the white rat. Especially 
in young animals an excess of thyroid 
gland substance induced hyperactivity 
and all learning or improvement in 
the skill and accuracy in behavior was 
practically impossible. The results ob- 
tained give some suggestion that the 
effects of alteration from the normal 
amount of thyroid substance in the body 
are transmitted to the offspring not them- 
selves subjected to such alterations. Be- 
fore accepting this conclusion, however, 
the geneticist will want further critical 
evidence. 

DE OMNIBUS REBUS 
ET QUIBUSDEM ALUS 

SINS OF SCIENCE. 

By Scudder Klyce. Marshall Jones Co. 
$3.00 6x9!; 432. Boston 

We shall allow this book to review it- 
self. We believe that the extensive quo- 
tations given will not only entertain our 
readers, but will also sufficiently falfil the 
stated purpose of this department of The 
Quarterly Review of Biology to indi- 
cate ‘ ‘the character, the contents and the 
value of new books.” 

“So this book is unavoidably novel in 
several ways: 
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“(i) It states the answer to the bottom 
fiddle of the universe — states what essen- 
tial truth or religion really is. 

“(2.) It shows that the commonscnse 
man practically know's the ansTrer — 
and always has, since there have been 
men. 

“(3) It shows that the real diihculty 
about essential truth is that the pro- 
fessional teachers of it, the so-called 
experts, have been tangled up in words. 
Hence the book, surprisingly, needs only 
to show w’hat we common men already 
know practically: — how words work. 

“(4) Because nearly all our leaders have 
held the riddle of the universe to be im- 
possible of solution, I have become so 
interested in stating it clearly that I 
shan’t be able (and won’t try) to avoid 
displaying my interest hereafter. And 
such love of one’s job is unfashionable, 
and hence novel, in this day of scientific 
detachment, disinterestedness, and cold- 
blooded neutrality or ‘objectiveness.* 

“(5) Finally, our intellectuals are 
teaching basic error, and (refusing to 
concern themselves with the whole truth) 
arc leading trusting laymen, especially 
unprotected children, towards destruc- 
tion. And I am strongly desirous of 
showing that error clearly, so that we 
can avoid its perverted teachers and pro- 
tect our children” (p. 15). 

“Indeed, science has never been able to 
sec that the difference in its ‘phenomena’ 
is merely a qmntitative difference of size 
of reversible components, and not any 
real difference — all phenomena being tssm- 
tmlly the same. The reason scientists 
haven’t been able to see that, is simply 
because they assumed, contrary to sound 
logic and observed facts and all common- 
sense, that one or more of the three 
components could be zero or infinity. 
In short, they confused One word with 
Many words. 
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“Lc., when they couldn’t readily sec or 
measure some small quantity, they dog- 
matically asserted it to be exactly zero — 
as we have seen repeatedly. Being 
materialists, they imagined that it was 
essential that they know such quanti- 
tative fs-cts. So they weakly fooled them- 
selves that they did. When they assert 
that the two transverse forces in gravity 
arc exactly zero, obviously they material- 
istically assert that One words arc Many 
words — and are wrong” (p. 155). 

“You see, these biologists have got a 
basicly wrong idea of importance and 
value. They are materialists, or consider 
or measures as being esssnHaL They 
in effect make a foot-rule their God, and 
worship it — ^which is idolatry, and plain 
stupidity. 

“In short, it is rigorously proved that 
God or the universe, judged even by the 
definite requirements of the most material- 
istic biologists, is living, or a ‘person.* 
The fact that all matter is personal, or 
alive in the sense of being conscious, is 
simply a truism of the existence of rela- 
tionship, and has been seen throughout 
this book. But detailed proof of it will 
be given in the chapters on phychology” 

(«c)Cp- 312.-13)- 

“Thus it follows that representative 
leading scientists join with Millikan (as 
quoted above) in holding that I have not 
the remotest conception of what I am 
condemning in this book, have not made 
the slightest study of the evidence, that I 
act like a jungle beast, am like a dog, am 
a menace to democracy and civilization, 
lend myself as a responsible accomplice to 
moral and civic crookedness, am blind, 
prejudiced, unable to overcome a precon- 
ception, and intolerant. And I am in 
effect called all that,cven though Millikan 
has advanced no proof or evidence that I 
am wrong. Quite to the contrary, he 
finally wrote me publicly (on March 7, 
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1914 — the preface to his Sc. and Life is 
dated May 3, 1914)5 stating explicitly that 
he would agrcewithmethat there can be no 
such thing as exact science” (pp. 3zi-*xx). 

“So I should like to call attention to 
nwo facts about this book: 

”(i) In every case where our common- 
sense views conflict with orthodox science, 
I have at least tried to give definite proof, 
hth logical and evidential, of the correct- 
ness of our views. I may be badly mis- 
taken in judging some of the Many evi- 
dsncey and may even logically wabble on a 
few truisms. But at least I did try to give 
proof which any normal man could verify 
directly for himself, without relying on 
my assertions, or the assertions in any 
book. 

“(a) And in no single instance do I 
attribute any wrong motives to scientists. 
Le., I do not accuse any scientists of being 
somewhat deliberately crooked, or of 
being intentionally prejudiced, or of 
having the moral status of a dog or jungle 
inhabitant. (I sometimes quote their 
own words to that effect — but show that 
they probably exaggerate their own defi- 
ciency.) The sum total of my accusation 
against intellectuals is that most of them 
are ignorant, usually to the point of in- 
competency and often to the point of fool- 
ishness or borderline insanity, and that as 
a result their morals are often extremely 
bad from our -point of view, but not inten- 
tionally so from their point of view. I 
undertake to prove in considerable detail 
that accusation I bring against them of 
ignorance. In no case do I accuse them 
of being voluntarily a menace — although 
they are dangerous to our welfare if we 
believe their false doctrines. 

‘Tinally, the worst’ specific action I 
recommend against them, is that we stop 
paying serious attention to them, warn our 
children against the danger of believing 
them, and stop paying their salaries and 


endowments out of our pockets, until such 
time as they either stop teaching the 
materialism and agnosticism which we 
believe is false, or else convincingly prove 
to us that those doctrines are correct. 
They are of course at liberty to teach their 
dogmatic falsehoods if they wish — but at 
their own expense. They aristocratically or 
dualistically assume that because they are 
superior to us, therefore they are privileged, 
to draw salaries from us to teach what 
we value at less than nothing. Any 
normal child who is a good American has- 
better sense than to believe such divine- 
right-of-kings-or-professors (Chap. 17, §1). 

“At present we do not believe their 
doctrines. Further, for nearly fifteen 
years I courteously and friendlily sub- 
mitted to them a definite and explicit dis- 
proof of those doctrines; and not once did 
they even try to rebut such proof. In- 
variably, those who don’t accept the proof 
act in one of these three ways: (i) they 
ignore the proof; (i) they call names, as 
Millikan has been quoted as doing; or 
(3) they say ‘Hush, Darling.’ 

That recommended specific action (of 
letting the scientists finance their errors), 
obviously is not intolerance on our part 
in any Many sense. It gives them ample 
opportunity to examine the evidence and 
correct their errors if they like. But if 
they do not wish to, or if they can’t 
(usually, they have badly spoiled their 
minds, and simply can’t), the extremest 
action against them is to protect our 
children from them, and stop paying 
them to propagate their error. When 
Millikan, in the typical scientific way, 
talks of such mild action as being wicked, 
he plainly shows that such action is 
needed. 

i “I submit Millikan and his colleagues’ 
own statement of their case and my state- 
ment of the case, to you, for you to judge. 
The intellectuals have repeatedly told me 
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Id one way or another that I am unfair 
and am not sulSdently tolerant and 
patient. You can judge for yourself” 
Cpp. 312.-34)- 

The chief bibliographic source cited 
throughout the book is the Encyclopaedia 
Bnttanka (sk'). There is an index. 


SCIENCE AND SCIExNTISTS IN THE 

' NLNETEENTH CENTURY. 

By Robert' H. Murray. The Macmillan Co. 

.$5.00 6 X 8|, xvii + 450 New York 

This falls only a little short, in a few 
particulars, of being a great book. It is a 
realistic history of science in the nineteenth 
century, which proves, with the most 
elaborate documentation, that within 
that period substantially every important 
new discovery and important new idea in 
the realm of science met with the bitter 
and determined opposition of scientific 
men as a group. The leaders of this 
opposition always included many, if not 
the majority, of the most distinguished 
scientific men of the time. The author is 
a clergyman who is at the same time a 
trained historian. The motive under- 
lying the writing of the book is to show 
that scientific men as a class are not a 
whit more open minded to new ideas 
than are theologians as a class. To the 
shame of scientific men it must reluctantly 
be admitted that Mr. Murray comes \m- 
comfortably near to proving his case. Nor 
is this unfortunate situation improved by 
the specious argument of some apologists 
for science, who have discussed Mr. 
Murray’s book, to the effect that critical 
skepticism is an integral part of science. 
It can be too easily shown that science 
has many times taken to its bosom the 
most arrant quackery without the 
slightest critical examination. In fact 
a strong case could be made that, in the 
whole intellectual history of mankind, 
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pscudo-scicncc of all sorts has never 
nourished so extensively and respectably 
as it has in this rwcnticthccnrury of gracc- 
Thc most serious criticism of the book 
which can be made is that undue emphasis 
is given in some cases to relatively unim- 
portant people and uniniportant dis- 
coveries. The chapter headings are as fol- 
lows: Jenner and Vaccination; Simpson 
and Chloroform; Lyell and Uniformi- 
tarianism; Helmholtz, Joule, and the 
Conservation of Energy; the Precursors of 
Darwin; Darwin and Evolution; Pasteur 
and Microbes; Lister and Antiseptics; 
Forgotten Scientists; Limitations of Scien- 
tists. There is a bibliography covering 
some 18 pages, and the book is well 
indexed. 

MICROBE HUNTERS. 

By Paul de Kruif. Hamurt^ Brace and Co, 
$3.50 6 X 9; 363 New York 

Objectively this is a history of the de- 
velopment of the science of bacteriology, 
in the form of biographical sketches 
of a dozen or so outstanding person- 
alities in that development. But such 
a cold statement docs not do justice 
to this book. For it is written con amort. 
On every page it is plain that the one 
passionate intellectual interest of Doctor 
dc Kruif’s life has been bacteriology. 
For him there are no heroes like its 
makers and no story so thrilling as 
theirs. A vast amount of painstaking 
research has obviously gone into the 
making of this book. The style in which 
it is written will offend the taste of many 
persons, as will also its naive enthusiasms. 
Furthermore his probably sound estimate 
of Pasteur will bring down the wrath of 
those who in effect deify that great man. 
But in spite of ail these considerations 
it remains the fact that the book is 
fascinatingly and thrillingly interesting. 
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Experimcntai tests show that he who 
begins at any point to read it is lost for 
the next two or three hours. And the 
guess may be hazarded that anyone who 
starts out to trip up Doctor de Kruif on 
his factual basis will find that he has 
essayed a tolerably difficult task. 

UBER DIE LOGISCHEN PRINZIPIEN 
DER ARZTLICHEN DIAGNOSE. C^^- 
handlmgen thmetischen Biologie Heft 2.) 
By Fritz Mainzer. Gehruder Borntraeger 
3 Marks 6| x 10; iii + 51 Leipzig 
The problem with which this volume 
has to do offers many entertaining pos- 


sibilities, but unfortunately the treatment 
of it here fails a bit on the ponderous, not 
to say dull, side. The book is an attempt 
at a philosophical examination of the 
underlying principles of clinical diagnosis. 
It examines, in considerable detail, the 
logical foundations of actual present 
practice in diagnosis, points out logical 
weaknesses in the procedure, and sug- 
gests logical improvements. There is 
considerable discussion of the theory of 
probability in relation to clinical diagno- 
sis. Somewhat unfortunately, there is no 
attempt at a systematic review of .the 
literature which has dealt with the under- 
lying philosophy of clinical work. 
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I N A review of a field of biological 
enquiry in which great activity 
prevails, it is inevitable that 
much that is ill-understood, de- 
bated, disputed, shall be treated in a 
somewhat arbitrary and even dogmatic 
manner. It is inevitable too that the re- 
viewer must be found guilty of the faults 
of misunderstanding, of misinterpretation, 
and of misused emphasis. Much of great 
suggcstivcncss has been omitted since the 
exigencies of space have made it necessary 
to prefer just that material which should 
make the story march easily. 

The space at the disposal of the writer 
docs not allow a complete review. The 
present contribution is therefore limited 
to the genetics of the subject; the physio- 
logical aspects of abnormal sexuality in 
animals will be reviewed in an early 
number of the Quarterly Review of 
Biology. 

Sexuality 

Sex is the term used to define that differ- 
entiation of different parts of an indi- 
vidual, or of the individual itself at differ- 
ent times, or of different individuals, 


which is associated with the elaboration 
of physiologically and often mofphologi- 
caiiy dissimilar gametes. Malcncss is 
the state or quality associated with the 
elaboration of spermatozoa (or of their 
physiological equivalents); fcmaicncss is 
the state or quality associated with the 
elaboration of ova (or of their physiologi- 
cal equivalents). Sexuality is the state 
or quality of being distinguished by sex. 
A male is an individual that exhibits the 
state or quality of malcncss; a female one 
that exhibits the state or quality of fcmaic- 
ncss. If in a group (c.g., a species) it is 
customary for malcncss and fcmaicncss to 
be exhibited by one and the same indi- 
vidual, coincidcntly or in succession, the 
group and the individuals comprising it 
are monoecious, hermaphrodite, though 
it follows that in certain eases an indi- 
vidual can at one time be a male and at 
another a female. If in a group it is not 
customary for malcncss and fcmaicncss to 
characterize one and the same individual, 
the group is dioecious, bisexual; the sexes 
arc separate, and every individual within 
the group throughout its sexual life is 
either a male or else a female. 
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Though attempts to classify the sex- 
dimorphic characters for purposes of dis- 
cussioo have been many, it has to be 
confessed that as yet no satisfactory classi- 
fication exists. That this is so is due to 
the fact that as yet no exact knowledge 
exists concerning the genetic nature of 
many of these characters and of their rela- 
tion to the sex-glands, and until this has 
been secured any attempt to classify them 
must be premature. For the present it is 
enough to hold that the characters which 
in their combination constitute maleness 
and femalencss respectively are characters 
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vironment, established by the whole of 
the genotype in action and by the func- 
tional activity of the characters as these 
become differentiated. As a working hy- 
pothesis, it can be accepted that sexuality 
is primarily based upon antecedent de- 
terminers within the germ-plasm, upon 
genes resident in the chromosomes. 

In an ever increasing number of instances 
it can be shown that the phenotypic 
differences distinguishing male and female 
are associated with constant differences 
in the chromosome content of the tissui^s 
of the two sexes. This fact is illustrated 





XX X Y 

? cf 

Fig. I. Conventional, Diageam of the Chromosomes of Drosophila melanogaster (After Morgan) 


in the genetic sense, being expressions of 
a genotype that is determined by the 
nature of the genes brought into the zygote 
by the conjugating gametes. In the fer- 
tilized egg there are none of the characters 
' that distinguish race from race, male from 
female, that make each individual the 
first and last of its identical kind; these 
are expressed as ontogeny proceeds and 
their expression is modelled, encouraged, 
embarrassed, to a greater or lesser extent, 
by the impress of the agencies of the exter- 
nal environment, the outer world, and by 
the changing conditions within the de- 
veloping zygote itself, the internal en- 


in the clearest possible manner in the case 
of Drosophila mdanogasUr which has four 
pairs of homologous chromosomes. In 
the somatic cells and immature gametes 
of the male one of the four pairs is remark- 
able in that its members are morphologi- 
cally dissimilar whereas in these tissues of 
the female the members of this pair arc, 
as is the case in all the other pairs in both 
male and female, morphologically alike. 
Since tissues from male and female differ 
chromosomally only in this respect, these 
chromosomes are referred to as the sex- 
chromosomes and the members of the sa- 
chromosome pair in the female and the 
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cnt‘ sex-chromosome of the male that is 
mcrphologicaily similar to these arc 
as the X-ciiromcsoines, whilst 
the imequai mate of the X. in the male is 
knonin as the Y-cliromosome. In respect 
of die sex-chromosomes the female is XX, 
the male is XY. 

The situation thus arises that in ail the 
cells of the body of the female and in her 
immature ova there are four pairs of 
homologous chromosomes, and of these 
one pair consists of two X-chtomosomes, 
whereas in all the somatic ceils and imma- 
ture gametes of the male there are four 
pairs and of these one consists of an X- 
chromosome in association with a Y- 
cliromoscme. Into each ripe gamete there 
passes one or other member of each pair. 
All eggs are alike in that each contains an 
X-chromosome but there will be two 
kinds of sperm, one containing three auto- 
somes and one X-chromosomc, the other 
three autosomes and a Y-chromosome. 
W'hen egg and sperm unite in fertilisation, 
into the zygote will be received one mem- 
ber of each pair from the father by way of 
the sperm and the other member of each 
pair from the mother by way of the egg, 
and there will be two forms of zygotes, 
one that received an X-chromosome by 
way of the sperm, the other that received 
a Y-chromosome. The first will have a 
scx-chromosome constitution that can be 
symbolized as XX, the chromosome con- 
stitution typical of a female, the other a 
scx-chromosome constitution symbolized 
as XY, that of a male. 

In other cases the chromosome differ- 
ence between the sexes takes the form of a 
difference in the number of the sex- 
chromosomes; for example, there may be 
in one sex a single X-chromosome, as in 
the male of many mammals, while in the 
other there are fwo. In other groups, 
c.g., the bee, male differs from female in 
that one sex is haploid in respect of its 


chromosome number, possessing but half 
the number characteristic of the opposite 
(diploid^ sex. It will be seen, as the 
argument proceeds, that there is consider- 
able dimculty in bringing this type of 
chromosome differerxe into line with 
others, and one is tempted to wonder if 
all the facts corxerning the relation of 
sex and chromosomes in this group arc 
known. 

Our kno%vledgc of the genetics of Dww- 
phHa, based upon the magnificent and 
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Fig. X. The Sex-chromosome 
Mechanism 

inspiring work of xMorgan and his asso- 
ciates, is such as to warrant the statements 
that hereditar)" characters are the end- 
results of the action of genes resident in 
the chromosomes; that in one and the same 
chromosome is resident a certain orderly 
company of genes; that each gene has its 
own particular locus in a particular chro- 
mosome; that the genes are arranged in a 
definite linear order in the chromosome; 
and that a gene is a certain local area of 
active chromatin exhibiting a definite 
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kind of organization capable of under- 
going reorganization spontaneously, or 
maybe under the impress of certain as 
yet undefined environic stresses, and that 
it exerts its action and produces its end- 
results through the medium of the prod- 
ucts of its metabolism, substances pos- 
sibly enzymatic in nature. 

The facts of sex-linkage (Morgan, 1914) 
non-disjunction (Bridges, 1916), and de- 
ficiency (Bridges, 1917; Mohr, 19x3) are 
sufficient to warrant the assertion that 
in Dmophila the Y-chromosome is physio- 
logically inert, containing no genes. It 
follows then that in the case of the female 
tissues there are two X-chromosomes in 
association with two of each of the auto- 
somes, so that if A represents one complete 
set of autosomes as present in the ripe egg, 
the quantitative relation, in the body cells 
of the female, in the gametes, and in 
the XX type of zygote, between the chro- 
matin in the sex-chromosome and that in 
the autosomes can be expressed by the 
formula iX:iA, whereas in the male 
somatic cells and immature gametes and 
in the XY type of zygote it is expressed 
by the formula iX:iA. In the X- 
chromosomc bearing sperm the relation is 
iX:iA, in the Y-bearing oX:iA. The 
fact that the egg and one kind of sperm are 
both, in this respect, iXriA and that the 
other kind of sperm is oX : i A is of inter- 
est in that it shows quite conclusively 
that gamete and zygote are entirely dis- 
similar in spite of the fact that each may 
exhibit a similar X:A ratio. In non-dis- 
junction it is common to get an XY-bcar- 
ing egg which is, in every way, an egg 
and in no way is an XY individual, a 
male. That part of the genotype which is 
concerned in the morphological aspects 
of sexuality in the zygote is not liberated 
until egg has been activated by sperm. 
As will be seen, the genotype of the gamete 
has no constant relation to the structure 


of the gamete for the latter is determined 
by the kind of organization of the gonad 
that manufactured it: an ovary elaborates 
eggs without reference to their genotype 
and a testis elaborates sperm without 
reference to their genotype. A gamete 
iX:iA in genotype will be an egg if 
it is the elaborated product of an ovary: 
a sperm if it is elaborated by a testis. 

Since it is established that the genes 
in the X-chromosomes are different, as 
judged by the end-results of their action, 
from those on the autosomes, and that the 
chromatin organization of any chromo- 
some can exhibit change, it follows that 
chromatin of the X and of the autosomes 
is different in its organization and there- 
fore in its physiological activity. Thus 
the quantitative balance between the X- 
bome and the autosomal-bome genes differs 
in male and female tissues and the physio- 
logical states established by the interac- 
tion of genes in male and female zygotes 
respectively will likewise be dissimilar. 

It is not necessary, it is probably entirely 
incorrect, though it is undoubtedly con- 
venient, to postulate male-determining 
and female-determining genes, especially 
concerned in determining sexuality. 
Maleness in Drosophila is that physiologi- 
cal state or quality established in a zygote 
as the result of the action and interaction 
of ail the genes in a genotype that may be 
symbolized as iX:xA. In the beginning, 
maleness in the zygote is a certain kind of 
internal environment, a certain metabolic 
level: femaleness is another, and in one 
or the other organogeny and ontogeny 
proceed. In the XX type of individual an 
internal environment of femaleness be- 
comes expressed and the structures that 
pertain to the sexual organization will 
pursue their differentiation under the 
direction of their own genotype, in the 
presence of the physiological stimuli 
exerted by other differentiating and dif- 
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fcrcntiatcd tissues, and in an external 
environment which may condition this 
differentiation. On the other hand, in 
the Xy tjgotc an initial internal environ- 
ment of maieness becomes established and 
the differentiation of the sexual organiza- 
tion during ontogeny will be such as will 
yield a typical phenotypic male. 

An individual in the case of Drosophila 
. is a phenotypic male (i) because in the 
beginning it was a genotypic male (XY); 
(z) because in this XY zygote the rela- 
•tion between the X-borne and the auto- 
somal-borne genes (the ratio between their 
number or their algebraic sum, as sug- 
gested by Schrader and Sturtevant (19Z3) 
as an explanation of the facts of sexuality 
in those cases in which one sex is haploid, 
the other diploid) was such that an inter- 
nal environment of maleness became estab- 
lished; (3) because in this internal environ- 
ment the structures concerned in the sexual 
organization, being XY in chromosome 
constitution, developed, and in developing 
flourished; and (4) because the impress of 
the external environment did not or could 
not affect the developing zygote in such 
a way as to override the effects of the gene 
mechanism and to modify the internal 
environment based thereupon so that it 
became physiologically equivalent to that 
type of internal environment that is norm- 
ally associated with the genotype sym- 
bolized as XX. For similar reasons the 
genotypic female becomes a phenotypic 
female. Tropter secretioms internas tot as 
mnlkr est quod sst, a female is a female by 
the totality of her internal secretions, 
remains true only if it be granted that the 
phrase ‘‘internal” secretions shall include 
the metabolic products of her initial 
genotype. 

In the vertebrates the initial sexuality, 
which is but the direct expression of 
genetic action, is strongly reinforced when 
the components of the endocrine system 
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become differentiated. The results of ex- 
perimental gonadcctomy and of the im- 
plantation of gonadic tissues have dearly 
demonstrated the intimate relation bc- 
tvxen the type and degree of sexual differ- 
entiation and the functional activity and 
histological organization of the gonads 
(Steinach, 1911; Sand, 1911, 1913; Moore, 
19Z1; Lipschutz, 1914). They have 
shown conclusively that for the complete 
differentiation and maintenance of the 
sexual phenon'pc active functional go- 
nadic tissue is essential, that a male posses- 
sing testes, because the embr}"onic gonads 
assumed the testicular organization for 
the reason that they were XY tissues and 
developed in the initial internal environ- 
ment of maieness, becomes a phenotypic 
male because the testes exhibited a cer- 
tain specific kind of physiological activ- 
ity, elaborated a specific male “sex-hor- 
mone” which greatly reinforced the initial 
internal environment of maieness and 
exerted, during the critical period of their 
development, a directing stimulus that 
evoked a ready response on the part of the 
remaining structures of the scx-cquipmcnt 
so that these pursued their differentiation 
according to the male type of sexual 
architecture. They have shown that an 
individual becomes a phenotypic female 
because it possessed functionally active 
ovaries at the time when the rest of the 
structures of the sex-equipmeot under- 
went differentiation. When it has been 
shown how it is that she comes to possess 
ovaries, there remains no difficulty in 
showing how it is that she becomes 
equipped as an efficiently functional 
female. 

It is not to be denied that for the effi- 
cient differentiation and maintenance of 
the sexual equipment the activity of other 
members of the endocrine chain is essential 
(Bullock and Sequira, 1905; Glynn, 1911- 
iz; Berner, 1913; tt alia)^ but for the pres- 



THE QUARTERLY REVIEW OF BIOLOGY 


3Z0 


cat it is reasonable to assume that the r6Ie 
of such glands as the adrenal, the pitui- 
tar)% the thyroid, in sexual diiFerentiation, 
is relatively unimportant when compared 
to that of the differentiated gonad. 

Reviewing that which has been written 
above, the sexual characterization in the 


(Painter, 1311-1914,* Bachuber, 1916; Ste- 
vens, 1911; Wodsedalek, 1913, 1914, 1 91 
1910; Winiwarter and Sainmont; 1909* 
Allen, 1918; Malone, 1918; Zeleny and 
Faust, 1915; Parkes, 1913; Yocum, 1915, 
1917). (See table i.) 

Reasons for holding that the gonads, in 


TABLE I 



MALE 

FEMALE 

I, Primary genotypic sexml characters 



The sexual genotype symbolized as 

ia action establishes 

XO or XY 

XX 

an internal environment symbolized as 

in which ontogeny pro- 
ceeds and the pheno- 
type is assumed 

iX:zA 

iX:iA 

Secondary genotypic sexual characters are developed. 

Such sexual differences as are not secondary gonadic 

These include: 

(many of them are epigamic, i.e., concerned only 


indirectly wdth, but contributory to, fertilization, 

Primary gonadic characters 

playing their part in co 
young) 

urtship and the care of the 

The gonads become differentiated 

Testes 

Ovaries 

The 'sex-hormone' is liberated and the following be- 
come differentiated 

Secondary gonadic characters 

Male sex-hormone 

Female scx-hormonc 

(i) The accessory sexual apparatus (Miillerian 

Wolffian duct deriva- 

Miillerian duct deriva- 

and Wolffian ducts) 

tives flourish 

tives flourish. 


Miillerian duct deriva- 

Wolffian duct derivatives 


tives cease their de- 

cease their develop- 

(i) The externa! genitalia 

velopment 

meat. 

Urogenital sinus 

Scrotum 

Vulva 

Phallus 

(j) Certain of the epigamic characters which for 
their expression depend upon the stimulus 

Penis 

Clitoris 

of the differentiated gonad, and becoming 

e.g., regional distribution of hair, mammary gkois, 

expressed at different times as they reach 
the stage of their development when they 
can respond 

voice- 



mammal can be summarized, for purposes 
of discussion, as follows. It is to be 
noted that in the case of the bird the fe- 
male IS the digametic sex (XY) and the 
male monogametic (XX). In the verte- 
brate groups that have been examined the 
sex-chromosome constitution is as that 
which obtains in the case of Drosophila, 


certain vertebrate groups, e.g., birds, do 
not function as endocrine glands, elaborat- 
ing specific sex hormones, will be con- 
sidered later. 

In the case of insects (Oudemans, 1899; 
Kellogg, 1904; Prell, 1915; Kopec, 1911J 
1911; Meisenheimer, 1909; Hegner, 1914) 
it has been established by experimental 
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gonadectomy and the implantation of 
gonadic tissues that no part of the control 
of sexual difTerentiation is, in these forms, 
relegated to the gonad. All the sexual 
characters of the insect are secondary 
genot)’pic and owe nothing In their differ- 
entiation to the physiological activity of 
the differentiated gonad. The differen- 
tiation of a cell is pursued under the con- 
•trol of its own genotype. 

Finklcr (192.3) has carried out some 
vastly interesting experiments with vari- 
‘ous orthoptera (Hydrofhilmy Dystkus, 
NoUnteta^ Dixippus^ Tenebrio, Vanessa), 
He transplanted male heads on to female 
bodies and vice versa and observed the 
effect of this upon sexual behaviour. In 
the case of Hydrophilus, three operations 
were entirely successful, complete healing 
occurring in about seventeen days when 
all movements were properly coordinated, 
and feeding and defecation were normal. 
A female with a male head behaved sexu- 
ally as a male towards females and a male 
with a female head as a female, but was 
regarded by normal males as a male. In 
certain instances the body took on the 
coloration of the sex to which the trans- 
planted head belonged. Blunck and 
Speyer (1914), repeating this work, failed 
to confirm Finkicr’s findings. 

Abnormal Sexuality 
I. intersexuality 

If in an individual of a group in which 
bisexuality is customary, maleness and 
fcmaicness are exhibited coincidently or 
in succession and to any degree, that indi- 
vidual is an intersexual form. It is an 
intersex cither in time or in space. Inter- 
sexuality is the state or quality exhibited 
by an individual of a normally dioecious 
group in which both maleness and fcmale- 
ncss are to be distinguished in varying 
degree and/or at different times. Her- 


maphroditism is the expression of a sexual- 
ity normal to a particular group: inter- 
sexuality, transient or permanent, an 
expression of sexual abnormality in a 
particular group or individual . Hermaph- 
roditism and intcrscxuality arc the 
same expression of the self-same mecha- 
nism but whereas infersexiiality Is perfect 
or imperfect hermaphroditism in a non- 
hermaphroditic group or individual, her- 
maphroditism is perfect intcrscxuality in 
a group or individual in which such a 
state or quality is a customary feature of 
the normal life history. 

From what is known of the mechanisms 
of sex-determination and sexual differen- 
tiation it can be anticipated that inrer- 
scxuality in a normally dioecious group 
will follow upon (i) disharmony in the 
sexual genotype of the body as a whole or 
of local parts, and (1) profound altera- 
tion of the internal environment during 
critical stages of development. 

A. Disharmony m the distribution of the 
genotype 

1. Gynandromorphism, {a) Gynandro* 
morphism in Drosophila melanogaster, A 
gynandromorph is an individual of a bi- 
sexual species which exhibits a mosaic of 
male and female sexual characters: it is a 
sex mosaic in space. In the case of Droseh 
phila melanogaster about i in every 1,000 
individuals exhibits this condition of 
gynandromorphism. Most of these arc 
bilateral gynaodromorphs, exhibiting the 
complete male characterization on one 
side of the antero-postcrior mid-line of 
the body, the complete female charac- 
terization on the other, with a sharply 
demarcated line of junction of the two 
kinds of tissue. Since the male body is 
normally smaller than that of the female 
the gynandromorph ’s body is bent towards 
the male half. Usually in these cases 
there is an ovary on the female side, a 
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testis on the male, but this is not always 
the ease, nor would it be expected that 
it should be, for, as Huettner has 

shown, the gonads are not formed from a 
single nucleus but from several nuclei 
which give rise to the primordial germ 
cells and so it is not inevitable that both 
gonads should be histologically and cyto- 
logically similar. Commonly, however. 


forms in great detail and have shown that 
if in the mating that produces the gynan- 
dromorphic forms sex-linked characters 
are involved, and if the sex-linked charac- 
terizations of the two parents are dis- 
similar, then the sex-linked characters 
of the male parts are those exhibited by 
the father or those exhibited by the 
mother whereas the sex-linked character 



Fig. 3. A Gynandromorph (From Morgan, Bridges and Sturtevant) 


they arc two ovaries or two testes in a 
bilateral gynandromorph. In other cases 
of gynandromorphism one quarter of the 
body is male in its sexual characteriza- 
tion, three quarters female: in still others 
less than a quarter is male and more rarely 
the head is female whilst the rest of the 
body and abdomen are male. 

Morgan and Bridges (1919) have de- 
scribed many of these sexually abnormal 


of the female parts are a combination of 
the sex-linked characters of both parents, 
and that, in respect of the autosomal (non 
sex-linked) characters, male and female 
parts are alike. The example depicted 
above is a bilateral gynandromorph, the 
left side exhibiting a typical female 
characterization, the right a typical male. 
The left side presents the dominant sex- 
linked character. Notch, (the mother was 
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Notch), and the right exhibits the reces- 
sive sex“linked characters scute, broad- 
wing, echinus eye, ruby eye, tan body- 
color, and forked bristles (the father had 
these characters). 

These facts point to the conclusion that 
gynandromorphism in such a case as this 
results from aberration in the distribution 
of the X-chromosomes. If it is assumed 
that the gynandromorph is in its begin- 
ning an XX-zygote, a genotypic female, 
and that at some stage during the early 
cleavage divisions of the fertilized egg, a 
daughter X-chromosome fails to enter one 
of the daughter cells, this cell will then 
contain one X instead of two, i.e., will 
have the chromosome content of a geno- 
typic male. Since one X is derived from 
the paternal contribution of nuclear ma- 
terial and the other from the maternal 
and since, if the parents were dissimilar 
in their sex-linked characterization these 
two X-chromosomes will be dissimilar in 
their gene content, it follows that the 
characterization based upon genes in 
cither of them can be markedly different 
from that based upon the genes in both. 
In the example described above the mother 
(XX) carries in each of her X-chromo- 
somes (shaded) the gene for the dominant 
sex-linked mutant character Notch. The 
father (XY) carries in his singleX-chromo- 
some (unshaded) the genes for the reces- 
sive sex-linked characters scute, broad, 
echinus, ruby, tan, and forked. The Fi 
female zygote will receive one X-chromo- 
some from each parent. She will exhibit 
the dominant character Notch and not 
scute, not broad, not echinus, not ruby, 
not tan, and not forked — the dominants 
of both parents. If during the first cleav- 
age division of this zygote the maternal 
X-chromosomc fails to enter a daughter 
cell the paternal X alone will be present 
therein and the tissues that develop from 
this daughter cell will be iX:iA (male) 


in constitution and cannot be Notch bur 
will exhibit, if they belong to the appro- 
priate parts, the recessive sex-linked 
characters of the father. Had it been the 
paternal X that had been elimmated, the 
male side of the gi-’natidroiiiorph would 
have exhibited the sex-linked character 
of the mother, Notch, 

In the absence of further aberrations in 
chromosome distribution all the cells that 
have their origin in the XX daughter cell 
will have the iX: lA type of chromosome 
relationship: all the cells that arise from 
the single X-containing daughter cell 
will have the iX:2.A type, and the sex- 
linked characters of the tissues formed 
by these latter will exhibit, if they pertain 
to parts that do exhibit sex-linked charac- 
ters, those of the parent from whom their 
X-chromosomc was derived. If this is 
the case, then a gynandromorph of a grade 
that is compatible with fertility, i.e., one 
in which the abdomen and genitalia arc 
female, should prove to be heterozygous 
in respect of her sex-Hnked characteriza- 
tion. This is the case. On the other 
hand, if the abdomen and genitalia arc of 
the male type of architecture, the indi- 
vidual should be sterile, since in these 
parts the sex-chromosome constitution 
is XO and it is known from Bridge’s non- 
disjunctional work (1916, 1919) that the 
XO male in Drosophila is sterile. This is 
also the case. 

If the elimination of the X-chromosome 
occurs at the first cleavage division of the 
zygote, the gynandromorphism is bilat- 
eral: if it occurs at the second, one quar- 
ter of the body will be male in its charac- 
terization. Elimination may occur at 
any stage of ontogeny and the later it 
occurs the smaller will be the area that 
exhibits male type characterization. But 
however large or small this area may be, 
it will pursue its development under the 
direction of its own genotypic constitution 
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(except in the case of vermilion eye, 
Sturtevant, 19x0) and its differentiation 
is not influenced by the physiological 
activity of the gonads. 

It is to be noted that these mosaic 
formations are not limited to the sexual 
phenotype: they are commonly found in- 
volving the general phenotype in hybrids. 


tion of an X-chromosome at a cleavage 
division, but one specimen was a mosaic 
both for sexual characters and for mutant 
characters in chromosome III. Analysis 
of this case showed that in its production 
two spermatozoa were involved and that 
it was the result either of the synchronous 
fertilization of a double nucleus egg by 


II 
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Fig. 4. GrifANDROMORPHISM Foxj.owing ths Elimintation of an X-chromosomb 
normal distribution of chromosomes; B, abnormal distribution of chromosomes 


Gynandromorphism results only from two sperm or to polyspermy in a single 
such aberrances in the distribution of nucleus egg. 

nuclear chromatin that lead to a sufficient (r) Gynandromorphism in ths hse. There 
disturbance in the X: A ratio. are certain facts relating to sex-determina- 

(F) Gynandromorphism in D. simulant, tion in the bee that are unique. The 
Gynandromorphs have occurred fairly queen is diploid and this double set of 
commonly in Drosophila simulans (Sturte- chromosomes is reduced to the haploM 
vant, 19x1). Most of these are to be number in the ripe egg after two polar 
interpreted as the result of the elimina- bodies have been extruded. If the egg is 
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fertilized, it gives rise to a female (queen 
or worker) but if it is not fertilized it 
yields a male (drone). The male has the 
haploid number of chromosomes but 
whether sex -determination is the result of 
the action of a chromosome mechanism 
has not yet been determined. It is neces- 
sary to assume that the sex-determining 
mechanism in the bee and similar forms is 
essentially different from that which ob- 
tains in the case of Drosophila. It is 
remarkable that the male is a haploid indi- 
vidual and that the diploid individual is 
not a male for the ratios among the sex- 
determining genes are not different in the 
two cases. The case of the bee is so 
unique that it merits further investiga- 
tion. Disagreement with a system that 
obtains so widely, and an interpretation 
that is so satisfactory must always be a 
stimulus for further investigation and 
not merely a missile for a critic’s hand 

In the bee the mother transmits her 
characters directly to her sons as is the 
case in the t}’y)icai sex-llnkcd mode of 
inheritance in Drosophila. But the reason 
for this is that the male develops from an 
egg that has received no paternal chroma- 
tin. There is certain reliable evidence 
which strongly suggests that there is a 
chromosome in the bee that is equivalent 
to the X-chromosome of Drosophila. Hy- 
brid queens produce two kinds of males 
and two only, which fact indicates that 
a single factorial difference exists and that 
the allelomorphs are carried by a pair of 
chromosomes, not necessarily sex chromo- 
somes, but possibly so. The elimination 
hypothesis w^hich seeks to explain gyman- 
dromorphism in the bee demands that the 
elimination must involve a sex-chromo- 
some and that this must also be the one 
that carries the genes concerned in the 
production of racial characters. 

In the sixties of the nineteenth century 
Eugster kept at Constance a hive of bees 


which consisted of hybrids out of a yellow 
Italian queen by darker German drones 
and which regularly produced a large 
number of g^mandromorphs. This regu- 
iarit}’ in the production of aboormal forms 
points to the conclusion that the abnor- 
mality is genetic and not merely accidental 
or due to spccinc envirofimental impresses^ 
When the Italian queen died Eugster re- 
placed her with a hybrid queen and she in 
turn produced gynanJromorphs. V. Sie- 
bold first examined these specimens in 
1S64, and attempted to account for these 
gynandromorphs by assuming that an 
insulhcient number of spenn had pene- 
trated the egg so that parrs of it kekei 
sufheient quantities of the male contribu- 
tion. It is to be noted that Nachtsheini 
(1913) has sirxe shown that polyspcmw 
is customar}% but this interpretation docs 
not explain all the phenomena encoun- 
tered. They have been re-exam ined 
by Boveri (1915) and Mchling (1915). 
The specimens ranged from an almost 
perfect male to an almost perfect fe- 
male. Since they were hybrids, it was 
possible to tell from their characteriza- 
tions w’hetlier the tissues concerned con- 
tained paternal, maternal, or both pater- 
nal and maternal nuclear material. 
Boveri concluded that all the male parts 
were purely Italian in their characteriza- 
tion, whereas the female parrs were defi- 
nitely hybrid, exhibiting the characters of 
both races . If th is were so, it foilotvs that 
in the tissues of the male parts there was 
no nuclear material brought into the 
zygote by the sperm but only that con- 
tributed by the ovum. 

In order to explain this, Boveri sug- 
gested that the sperm did not reach the 
egg nucleus before the latter had begun to 
segment and so fused, not with the whole 
egg nucleus, but with one of the daughter 
nuclei (partial fertilization). Two blas- 
tomeres would thus result, one containing 
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only the maternai nucleus whilst the other 
w^ouid include both maternal and paternal 
nuclear material. It is established that in 
the case of the bee, if the egg which con- 
tains the haploid number of chromosomes 
is fertilized it becomes a female: if it is 
not fertilized, it becomes a male. The 
male is haploid, the female diploid in 
respect of its chromosome content. It 
follows then, that in the case of the late 
fertilized egg, the blastomere that con- 
tains both maternal and paternal nuclear 
material is diploid, i.e., female, the blasto- 



Fig. 5. Ijstterprbtations or 

A, partial fertilization of Boveri; B, polyspermy of 
Morgan. 

mere that is not fertilized remains haploid, 
i.e., male. 

Morgan has suggested that the same 
results would follow if two sperms should 
enter one and the same egg, but only one 
of them unite with the egg nucleus (poly- 
spermy). Doncaster (1914) has pointed 
out that, as seen in his Abraxas work, this 
gynandromorphism could be explained as 
the result of the synchronous fertilization 
of two egg nuclei. 

If the gynandromorphism is the result 
of partial fertilization, then the male side 
should exhibit the characters of the 


mother's race (Italian) because its haploid 
chromosomes came directly from the 
Italian mother egg, whilst the female 
side should exhibit the dominant charac- 
ters of both Italian and German races. 
If, on the other hand, the condition re- 
sults from polyspermy, then the male 
parts should exhibit the characters of the 
father's race (German). Boveri, examin- 
ing the preserved specimens (47 years in 
alcohol), reached the conclusion that the 
male parts were Italian in their characteri- 
zation. If this is the case, then Boveri’s 
hypothesis is to be preferred to that of 
Morgan. 

But Engelhardt (1914) has described 
some fresh gynandromorphic specimens 
out of an Italian mother by a father very 
similar indeed to that of the males of 
the Bugs ter hive. The male parts pre- 
sented the paternal characterization. This 
supports Morgan’s interpretation. 

Morgan and Bridges are of the opinion 
that the case of Eugster’s bees can equally 
readily be explained by assuming that, as 
in the case of the Droso-phila gynandro- 
morphs, there is an accidental elimina- 
tion of a sex-chromosome during cleavage. 
The bees concerned were A, Ugustica Ital- 
ian), and A, mdlifica (German). If it is 
assumed that one of the postulated 
sex-chromosomes of the hybrid car- 
ried the gene-complex for the Ugustica 
characterization, the other the mellifica^ 
and if the melUfica chromosome is elimi- 
nated, then a cell containing only the 
Ugustka chromosome would result and all 
parts descending from that cell would be 
male (haploid) and Ugustka, This is the 
result observed by Boveri. If the Ugustm 
chromosome is eliminated the result is 
male tissue and melUfica characterization. 
This is the result observed by Engelhardt. 
This interpretation accommodates both 
Boveri's and Engelhardt’s observations 
whereas Boveri's partial fertilization and 





ABNORMAL SEXUALITY IN ANIMALS 


Morgan’s polyspermy each only explains 
one. If melUfica is dominant to Ugusfka, 
'then the female parts will be melUfica 
as described by Boveri. But Newell 
(1914) who crossed Italian queen and gray 
Carniolan drone got yellow^ daughters, 
showing that the yellow was dominant. 
In this case both sides would be alike if 
in the male parts the melUfica chromosome 
had been eliminated, and this may have 
been the reason for v. Siebold’s omission 
to mention in connection with the fresh 
Eugstcr specimens that the parts were 


which the chromosome distribution is 
abnonnal, the end-result will be bilateral, 
quartal, or some other grade of sex mosaic. 

For further Instances in other forms see 
Sandhousc (1913), Wheeler (1910), and 
Nachrsheim (1913). 

W GjnandrmsrfBsm in the silkmm. 
Among the Lepidoptcra over i,oc» cases 
have been described (see Wenke, 1906). 
They can all be explained on the assump- 
tion that there has been elimination of 
an X-chromosome in the XX (male) 
zygote. Toyama (1906) has described 


Esg Sperm. 

(WX) X (wX) This half will develop, will be male (XX) and zebra (Ww) 
(WX) This half will develop, will be female and zebra. 

Y X (wX) This half will develop, wdil be female and white 

Y This half will not develop. 

Morgan* s ■polyspermy interpretation. 

(WX) f C'^^) This half will develop, will be male and zebra. 




(wX) This half will develop, will be female and white. 

(wX) This half will develop, will be female and white. 

_ 

(wX) This half will develop, will be female ind white. 

Morgan s elimination interpretation. 

(WX) (wX) The zygote. 

(WX) (wX) This cell and the tissues arising therefrom will be male and zebra. 


, CWX) 
°"(wX) 

(WX)Y 

(WX)Y 


This cell and the tissues arising therefrom will be female and 
zebra if one X is eliminated, white if the other. 

The zygote 

This cell and the tissues arising therefrom will be female and zebra. 
This cell will not develop. 


different in colour. It is not improbable 
that when Boveri examined his material 
the specimens were too old to give reliable 
pictures of color differences. Whichever 
interpretation is correct, and there is no 
reason to assume that all instances of 
gynandromorphism result from exactly 
the same kind of fault, it is certain that 
in all cases the underlying cause of gynan- 
dromorphism is an abnormal distribution 
of nuclear material; it is the mechanism 
of distribution that is at fault . According 
to the stages of embryonic development at 


two cases in the silkworm moth (Bmhyx 
morf). The mother belonged to a race in 
which the caterpillar is zebra patterned 
and the father was of a race in which the 
caterpillar is uncolorcd white. Zebra 1 $ 
dominant to white, and these characters 
were regarded as being sex-linked. In 
the one case the left female side was zebra, 
the right male was white. 

Boveri s partial fertilisation interf fetation. 
The female is XY in the silkworm. She 
lays two sorts of eggs, the X-bearing and 
the Y-bcaring. Either of these is fer- 
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tilized hj an X-bearing sperm. Let W 
= the gene for the zebra pattern, w that 
for white, and let the brackets represent 
the fact that the gene is resident upon the 
X-chromosome included therein. 

None of these interpretations accom- 
modate the facts of the case. Fortunately 
Doncaster (1914) had described binu- 
cleated eggs in Abraxas, each nucleus hav- 
ing given off polar bodies and each having 
been independently fertilized. Morgan, 
appealing to this fact, points out that if 
the zebra mother was heteroz>"gous for 
this character one nucleus could contain 
an X-chromosome and an autosome wdth 
the gene for white, whilst the other could 
contain a Y-chrcmosome and an auto- 




male X gfosstilariata female gives gms%h 
lariata males and lactkolor females. Don- 
caster (1914) found that one mating pro- 
duced twenty-four lactkolor females, no 
grossulariata males, and one g)manc!fo- 
morph, lactkolor with the right side of the 
body male and the left imperfectly de- 
veloped more like that of the female. 
The internal genitalia were, as far as v;as 
known, imperfectly developed male organs.- 

The absence of males was associated 
with an unusual chromosome content k 
this family (55) for all fertilized eggs 
lacked a chromosome, the single X pass- 
ing out into the polar bodies in most 
cases. 

Morgan explains this case as follows. 



Fig. 6 , Morgan’s Interpretation of Doncaster’s Case 
G, gene for irossulariata; g, gene for lactkolor 


some with the gene for zebra. Two 
sperms of the father carry the X and the 
autosomal gene for white. Each fertiliz- 
ing a nucleus would give rise to a male 
side XX white: white and a female side 
XY zebra: white. This seems to be the 
most reasonable interpretation: it de- 
mands, as is seen, that the characters 
zebra and white shall not be sex-linked. 

Doncaster s hmuckated egg interpretation QMorgan) 
Ww XY egg. 

WY X wX= Ww XY female, zebra 
wX X wX = ww XX male, white 

(fi) Gymndromorphism m Abraxas, The 
characters grossulariata and lactkolor are 
tynical sex-linked characters. Lactkolor 


The egg either contains no X-chromosomc 
and therefore no gene for grossulariata or 
else it does contain this X and the gene 
for grossulariata. The male in Abraxas is 
XX, A sperm carrying the lactkolor gece- 
bearing X-chromosome fertilizing the 
no-X-egg will yield an XY zygote, a 
female and lactkolor. A similar sperm 
fertilizing an X-bearing egg will yield aa 
XX zygote, a male, and grossulariata. 
Only through the fertilization of a ao- 
X egg by a two-X-bearing sperm could a 
lactkolor male arise. Such a sperm could 
result from non-dis junction. If the zygote 
which developed into this gynandromorpb 
was such an XX male (both X’s haviag 
been derived from the father) theo tbe 
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jynanaromorpiii5iii would be due to the 
elimination of one of these X’s at some 
. early division. 

Doncaster’s second ease is one that 
readily lends itself to interpretation as an 
instance of chromosome elimination. Lac- 
ticolor male X gmsulariata female gave 
eleven gmsulariata males, eleven lacti- 
color females, and one gynandromorph, 

. the anterior parts of which were male and 
the posterior parts female. The zygote 
would be an XX individual, one X bearing 
the gene for grossulariata^ the other the 
gene for lactkolor. Elimination of a pater- 
nal lacticolor X-chromosome would give a 
grossulariata male anterior region (XX) 
and a grossulariata posterior region (mater- 
nal X). 

(f) Gynandromorfhism in Arthropoda^ Crus- 
tacea, Mollusca, and Echinoderma. The 
frequency with which gynandromorphism 
is recognized in different groups varies 
with the interest taken by the collector 
Of experimentalist in these groups and 
with the degree of sex dimorphism that 
is exhibited. In many forms male and 
female are very similar in their external 
characters and in these gynandromorphism 
will not be detected and in many of the 
forms in which an occasional instance of 
gynandromorphism is reported, insuffi- 
cient is known of the mechanism which in 
these cases determines sex and models 
sexual differentiation to allow anything 
more than a very speculative inteipreta- 
tion being made. It is probable that 
many cases cited in this connection are 
not gynandromorphs but are instances of 
serial intersexuality. 

For examples sec Kulczynski (1885), 
Falconer (1910), Hull (1918), Hill (1917), 
Kuttner (1509), Ashworth (1913), Pelse- 
nte (1910), Nichols (1734), Cuenot 
(1898), D 61 agc (1901), Herlant (1918). 

(g) Gynandromorphism in birds. Since 
gynandromorphism is the result of an 
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abnormal functioning of a mechanism 
it cannot be the normal characteriza- 
tion of a group. It can only affect 
those tissues the ceils of w’hich pursue 
their differentiations independently of 
ail others. It is, therefore, Impossible 
to find a gynandromorph In those 
groups in which the control of the 
processes of sexual differentiation has 
been completely relegated to some speck! 
organ or tissue; it cannot occur in the 
mammal if in this group sexual differen- 
tiation is mainly pursued under the direct- 
ing stimulus of a sex-hormone elaborated 
by the differentiated gonad. If in a group, 
undoubted, and otherwise inexplicable, 
eases of gynandromorphism arc found, 
then in that group the internal secretions 
of the gonad do not constitute the sole 
controlling forces in sexual differentia- 
tion and the cells of different parts can 
pursue their differentiation under the 
direction of their own genotype. 

Gynandromorphism has been recorded 
in birds. Poll (1909) described a true 
bilateral bullfinch; Weber (1890) a finch 
(and refers to two other eases described 
by Cabanis, 1874); and Bond (1913) a 
pheasant. In the finches the right side 
of the body was male and the gonad a 
testis, the left female, and the gonad an 
ovary. In Bond’s pheasant the left side 
of the body was male, the right female, 
and the gonads were ovotestes. The indi- 
vidual tail feathers had one half of the 
vane with male markings, the other half 
with female. Macklln (1913) describes 
a fowl (breed not stated) which had the 
plumage characterization of a hen with 
ncck-fcathering suggestive of that of the 
male and with tail sickles rather longer 
than those of the normal hen. (It will 
be shown later that this tail characteriza- 
tion is associated with the synchronous 
presence of both ovarian and testicular 
tissues in experimental birds, either male 



THE QUARTERLY REVIEW OF BIOLOGY 


330 

or female, and that it is the normal con- 
dition in the Campine henny-feathered 
cock). The comb and right wattles were 
as those of a cock, and the bird exhibited 
male behavior, attempting copulation 
with hens with apparent success. It was 
not known to crow and it did not fight 
with cocks. It was known to be laying, 
but since it was suspected of laying small 
eggs it was killed. When it was being 
prepared for the table it was noticed that 
the right side of the body was distinctly 
larger than the left and that there was a 
testis on the right and on the left an 



centered in the gonads. In a male zygote 
one X-chromosome was eliminated at the 
first cleavage division of the fertilized 
egg, or according to the grade of femaie- 
ness in the characterization, later at some 
division of a cell in those areas which are 
to be involved in the sexual characteriza- 
tion . Evidence in support of the hypothe- 
sis that aberration in the distribution of 
the sex-chromosomes can occur in the 
somatic cells is to be obtained from a 
study of the abnormalities in the distribu- 
tion of sex-linked plumage color charac- 
ters. Serebrovsky (1915) explains the 



Fig. 7a Fig. jb 

Fig. /a. Male Type Intersex (xx:3A-IV) (From Morgan, Bridges and Sturtevant) 
Fig. 7B. Female Type Intersbx (2x:3A) (From Morgan, Bridges and Sturtevant) 


ovary (which really was an ovotestis) and 
an oviduct. The histological examina- 
tion showed that it could have laid and 
that there were normal looking sperma- 
tozoa and a testis of normal appearance. 
Every bone on the right side was larger 
than the corresponding bone on the Idt, 
these latter being 66 per cent as heavy and 
85 per cent as long. 

These cases can best be interpreted as 
gynandromorphs in a group in which 
the male is ihonogametic (XX) and in 
which the control of the processes of 
sexual differentiation is not absolutely 


occurrence of black feathers in a barred 
silver plumage by postulating that iu 
the cells in which these feathers have 
their origin, the sex-chromosome,^^ 
which the sex-linked factors for barring 
and for silver are resident, is lost during 
its transference from mother to daughter 
cells. The question of the presence of 
ovotestes in these cases will be discussed 
later. 

2. Balanced inter sexuality in Drosophila 
melamgaster. The 2X: (— 11 ^) ntalt and 

the 2X1^ A female inter sexes. In an experi- 
ment made by Bridges (1911) to deter- 
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mine the locus of a new second chromo- 
some recessive mutant “brown” by 
means of a back-cross to plexus and speck, 
one culture produced 36 females, 9 males 
and about 80 individuals which were 
abnormal in their sexual characterization. 
These intersexes were large bodied, coarse 
bristled flics wdth large roughish eyes and 
scolloped wing margins. The intersexes 
showed a bimodal variation, one group 
more closely approaching the female in 
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the abdomen and gmkiHi was pre- 
dominantly male. Sex-combs were al- 
ways present. The gonads were t}^ica!ly 
rudimentary testes though in a few cases 
the testes were well developed and con- 
tained bundles of sperm. 

3 vIoreovcr, instead of getting but two 
classes of offspring among the progeny of 
the back-cross as would be expected, three 
classes appeared, plexus speck, plexus 
brown, and brown speck. This uncx- 



Fio. 8. Normal Female, Triploid (3N) Female. 3'^ the Large Rough1Eyb[[(F»om Morgan, 

AND StURTEVANt) 


characterization, the other the male. Ail 
were sterile. In the female type the geni- 
talia were predominantly or completely 
female, the abdomen was very much as 
that of the normal female: spermathecac 
were present. The gonads were typically 
rudimentary ovaries: in many cases the 
ovarian tissue had a bud of testicular 
tissue, in others one gonad was a rudi- 
mentary testis, the other a rudimentary 
ovary. Sex-combs were usually present. 
In the male type, the characterization of 


pcctcd result can only be explained on the 
understanding that the mothers had three 
instead of two chromosome II, one carry- 
ing plexus brown, one plexus speck, and 
one brown speck. From their father each 
had received a chromosome 11 carrying 
plexus, brown, and speck, and from the 
mother they had received one of the three 
kinds of chromosomc-II mentioned. She 
had two genes for each of the recessive 
characters, plexus, brown, and speck, and 
one for each of the alternative dominants. 
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Furtlicr tests showed that the mothers 
were also triploid in respect of chromo- 
somes I and III whilst chromosome IV 
was present either in the duplex or triplex 
state. It was noticed that these 3N 
(where N == the haploid chromosome 
number) mothers could be distinguished 
from the ordinary normal female by their 
large size, coarse bristles, and rough eyes. 
That the intersexes were themselves trip- 
ioid and not diploid with respect to 
chromosome II was shown by the fact 
that the classes, with respect to plexus, 
brown, and speck, among them were 
strikingly different from those in the 
sexually normal males and females. The 


It is to be noted that the infecund female 
type of intersex differs from her very 
fecund mother in that she is iX:3A 
whereas the mother is 3X13 A, and that 
in these intersexes the addition of a fourth 
chromosome makes all the difference be- 
tween a male type and a female type. 

For the production of these intersexes 
polyploidy must have occurred in earlier 
generations. Bridges has shown that in 
certain cases ordinary diploid females 
possess ovaries in which there arc areas 
the component cells of which are much 
larger than the normal and that in these 
the chromosomes are tetraploid (4N). 
Evidently in some oogonial cell there had 


TABLE X 


CKROMOSOICE RELATION 

SEX TYPES 

NUMERICAL RATIO 
X <I 00 ) A(8o) 

SEX INDEX 

INTERVAI, 

X-^fi 

A.+x 








3X:iA 

Super-female (triplo-X) 

1.5 

I 

1.88 

50 

-14 

4 X: 4 A 

4N fcmalcj 

I 

I 

1.Z5 


—20 

jX:3A 

3N femalcl (normal since ratio X : A 

I 

I 

1.Z5 


— 11 

xX:iA 

zN fcmalcj is same in all). 

1 

I 

1.Z5 


-8 

iX:iA* 

iN fcmalcj 

I 

I 

1.Z5 

50 

-4 

iX:3A 

Intersex (female type) 

I 

1-5 

0.83 



iX:3A (-IV) 

incersex (male type) 

I 

1-5 

0.83 

33 

-6 

iXixA 

Male (normal) 

I 

z 

0.63 

50 

—1 

iX:3A 

Super-male (triplo-A) 

I 

3 

0.4Z 


—0 


* This type has only reccatly been described (Bridges, 1916). 


intersexes presented three classes also but 
these were plexus, speck, and brown re- 
spectively. 

It was readily possible to put this ex- 
planation of triploidy to the test of cyto- 
logical examination and it was found that 
all the intersexes carried two X-chromo- 
somes, three of each chromosomes II and 
III. Certain of them carried a Y-chromo- 
some and some of them had three IV ’s, 
others two. It was thought at first the 
triplo-IV’s were the male type, the 
diplo-IV’s the female type of intersex, 
but further investigation has shown that 
this is not so; the triplo-IV’s are the fe- 
male intersexes, the diplo-IV’s the male. 


been chromosome division of the nucleus 
so that all mature eggs would be diploid. 
The same process could occur in sperma- 
togenesis. Should such a diploid gamete 
fuse with a normal haploid gamete from 
the mother parent it would give rise to a 
3N zygote. 

The following represents the series of 
sex types in Drosophila mdanogaster. If 
the efficiency of the female determining 
genes (X-bome) is represented as 100 and 
that of the male determining gene-com- 
plex in the autosome as 80, a series of 
sex-indices can be made. (See table 1). 

A review of these facts supports the 
contention that the initial sexuality of 
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the zygote is determined by the interac- 
tion of the genes resident in the chrom- 
osomes, sex-chromosomes, and autosomes 
alike. The addition of more autosomal 
chromatin (= autosomal-bome genes) 
to the usual female iX:2.A balance so 
disturbs this that the relationship is now 
that which can be expressed as 2.X:3A 
and results in the establishment of a 
physiological state in w'hich male type 
characters develop, i.e., the addition 
transforms a female type of metabolism 
into one which approaches that character- 
istic of the male. The addition of more X- 
chromatin ( — X-borne genes) to the usual 
male iX:±A balance so disturbs this that 
the relationship is now that which can 
be expressed as iXiiA, one that is typical 
of the female. 

There can be no doubt that it is far 
simpler for purposes of discussion to as- 
sume that in the X-chromosomes are 
genes that are '‘female-determining’' and 
that on the autosomes are genes that are 
“male-determining” and that the sexual- 
ity of the zygotes is determined by the 
balance between these. For example, if 
F is taken to represent a set of such female- 
determining genes on an X-chromosomc, 
if M indicates a set of the male-deter- 
mining genes in one set (haploid) of the 
autosomes, and if in their relationship 
iF is greater than iM but less than iM, 
then in those classes in which the male is 
digametic 

(FX) (FX)MM is a female because 2.F > iM 
(FX) y MM is a male because iF < zM 

In the classes in which the female is 
digametic it is necessary to place the male- 
determining genes on the X and the fe- 
male determining genes on the autosomes, 

(MX) (MX)FF is a male because zm > zF 

(MX) Y FF is a female because i M < zF 

and in cither case in those circumstances in 
which the quantitative balance between 


the male and the female tlctcrTnining 
genes is such as to lead to a situation in 
which M = F, inrcrsexuality will result. 

But it is to be understood that this is 
but a way of cxpLiinin?^ an imperfectly 
understood subject concerning w hich there 
is a profv3und lack of rl;ysiological knowl- 
edge. It would appear to he an estab- 
lished fact that in Dr;.njjL*/j the effec- 
tive factor in the establishment of in a I c- 
ness, femaler.ess, and intcrscxuality is 
the numerical ratio of X-chrtjTnosorncs to 
autosomes. Underlying the aboie ex- 
planation is the diffculty that as yet 
actual differences, as estimated by Jiifer- 
ences in the chemical nature of the prod- 
ucts of their furxtionlng, 'utidoabreJly 
exist in different types of chromatin, or- 
ganization (genes) and in different gene 
associations (chromosomesff The chro- 
matin of the X-chrotnusomc is physio- 
logically different from that in the auto- 
some but as yet this difference cannot be 
dehned. At present ail that can he 
stated is that the difference is such that 
more or less X-cliromatin (and also of IV 
chromatin) in association with more or 
less A-chromatin leads to one of three 
types of internal environment in the 
zygote and its ceils, maleness, fcmalencss, 
and interscxuality. 

In a yellow stock of Dm^fbUa melam- 
gashr, L. V, Morgan (19x5) found an 
individual in which the two X-chromo- 
somes were joined end-to-ced and from 
this a stock was raised. It will be seen 
that so long as this doublc-X remains 
unbroken such a female will elaborate 
tw^o sorts of egg, one carrying the doublc- 
X and the other lacking an X. A doubic- 
X egg fertilized by an X-bearing sperm 
will yield a triplo-X super-female. The 
same egg fertilized by a Y-bcaring sperm 
will yield an XX Y female. This doubic- 
X chromosome, however, is liable to 
break at any point along its length. Mul- 
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ler and Dippei (19x6) have shown that 
by exposure to X-rays artificial breaks of 
this chromosome can be caused, and that 
under these circumstances the break is at 
or near the point of juncture of the two 
X’s. Natural breakage results in a J- 
portion longer than the normal X and a 
shorter portion which, owing to the fact 
that it includes no points of attachment 
for the spindle, is lost. The XXY female 
will elaborate XX:Y:J ova. The J-bear- 
ing ovum fertilized by a Y-bearing sperm 
yields a normal male. 

Muller and Dippel point out that during 


derived from an earlier period in which 
they possessed the female gene complex, 
but because, they would suggest, the 
processes of oogenesis really — chemically 
— begin in much earlier germ cells than the 
oocytes and that after the early period in 
which oogenesis is initiated, each step in 
the process in turn produces the next 
reaction of the series in chain-like con- 
nection until the definitive ova are laid 
down without the further direct inter- 
vention of the genetic determiners that 
decided the nature (whether male or 
female) of the original reactions. 


TABLE 3 


Sex combs on forelegs 

Number of dorsal abdominal tergites 

Ovipositor 

Spcrmathcca 

Penis 

First genital tergite 

Anal plates 

Gaspers 

Tip of abdomen 

Gonads 

Sex-ebromosome constitution 


the course of the elaboration of these ova 
there were involved tissues which pos- 
sessed an XY type of genotype like that 
which occurs in ordinary diploid male 
cells, and like the spermatogonia them- 
selves, and they express surprise that cells 
of identical genetic composition and in an 
identical environment may thus pursue 
entirely different modes of development. 
They point out that cells of male genetic 
composition metamorphose into ova not 
because of any special substance or influ- 
ence exerted upon them derived from other 
cells of the female body, and not because 
of any egg-forming substances that might 
be present within their own ’Droto'Dlasm. 


MALES 

FEMALES 

miERSEXES 

Present 

Absent 

Absent 

Five 

Seven 

Seven 

Present 

Absent 

Present 

None 

Two 

Two 

Present 

Absent 

Absent 

Present 

Absent 

Present 

Lateral 

Dorsal 

ventral 

Lateral 

Present 

1 Absent 

Present 

Black 

Banded 

Black 

Testes 

Ovaries 

Very minute 

XY 

XX 

XX (even those 
parts with malc! 
chactcrization) 


It will be argued in this paper that the 
form of the gamete is determined by the 
organization of the gonad, this being 
determined by the initial general or local 
genotype, and that the genotype of the 
gamete has no relation to its form or 
function. 

B. Disharmony in the composition of the 
genotype 

r. A *'gene* for intersexuality in Droso- 
phila simulans. Sturtevant (19x0) has 
shown that there is a single recessive 
chromosome 11 gene which when in the 
duplex state turns females into intersexes 
and renders males sterile. Two hundred 
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of these mtersexes appeared in a stock 
and unlike the rather variable poi>"ploid 
intersexes of Drosophila melamgaster were 
all of a definite and constant t>"pe. Their 
characterization is detailed in table 3. 

Matings beuveen the stock that gave 
the intersexes and others that did not, 
gave no intersexes in Fi, but these ap- 
peared in F2. Pair matings within the 
intcrscx-producing stock gave 5 10 females; 
165 intersexes; and 754 males, an excess 
of males and a 3:1 ratio in respect of 
sexual normality and sexual abnormality. 
This character intcrsexuality is linked 
with the chromosome II recessive charac- 
ter plum, for three Fi females out of an 
intersex X plum mating gave in F2 

f malts: 

Wild type Plum 
198 91 

Inttrstx: 

Wild type Plum 
87 0 

Maks: 

Wild type Plum 
193 65 

There was no intersex plum class, showing 
that these characters are linked, that their 
genes are resident in one and the same 
chromosome. 

These cases arc of the utmost importance 
in that they show that intcrsexuality can 
be caused by a genetic and stable reorgani- 
zation of the chromatin in a single locus 
in a chromosome and that this in its effects 
is sufficient to transform the state of 
fcmalcness which would have become 
established in its absence into one of stable 
intcrsexuality. It is of interest to note 
that the duplex state of the gene is required 
to produce this result in the female, where- 
as in the male it leads only to a genetic 
type of infccundity. It should be under- 
stood that by a gene for interscxuality 
is meant that a catain organization of 
the chromatin in a particular area of a 
particular chromosome, different from 
that organization of the chromatin in 


this area that is associated with the de- 
velopment of a norma! sexual characteri- 
zation, produces in its action, through 
its physiological contribution to the 
general economy of the zygote, a disturb- 
ance in the internal environment so that 
this no longer is characterized by those 
properties which can be summed up as 
femalencss but becomes altered in the 
direction of maicness. 

It will be noticed that certain of the 
component structures of the sexual charac- 
terization of the intersex are completely fe- 
male and that others arc completely male. 
There is no intermediate characterization 
of parts. That this is so might conceiv- 
ably be explained in one of tw^o ways. 
The zygote is a genotypic female iX:iA 
in chromosome constitution but on two 
of the autosomes there is the gene for 
intersexuaiity. Every cell of the body 
will contain the same gcaovype. The 
internal environment of every cell is the 
same yet some tissues differentiate ac- 
cording to the architectural plan of the 
male, others to that of the female. It 
may be that certain tissues arc more 
susceptible to the stimulus of the modi- 
fied environment. But another explana- 
tion and one that seems to be more reason- 
able is that which assumes that there is a 
time scriation in differentiation, those 
structures that assume the male characteri- 
zation becoming differentiated earlier or 
later than those that assume the female 
characterization, and that the gene for 
interscxuality comes into action when one 
or other set has completed this differen- 
tiation. The intersexes would then be 
intersexes in time. The suggestion that 
all the component genes in a genotype do 
not come into action is not extravagant; 
it is more pleasing than that which de- 
mands a varying potency of genes. The 
conception that the genotype is to be 
regarded as an unbolting mechanism, the 
units of which come into action serially 
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and evoke responses in tissues that exhibit 
a scriation in the time at which they can 
respond will be discussed later. 

2. Serial Intersexuality in Lymantria. It 
has long been knowm (Standfuss, 1896) 
that when species or even geographical 
races of Lepidoptera are crossed sexual 
abnormalities commonly are found among 
the hybrid offspring. For example, if 
European specimens of the notorious forest 
pest, Lymantria dispar, the gipsy moth, are 
bred among themselves the offspring are 
unremarkable in every way. The same is 
true in the case of the Japanese variety, 
Lymantria japanica. But if a Japanese 
male is mated with an European female, 
normal male offspring and females that 
show a number of modifications in the 
direction of maleness, i.e., females that 
are intersexual, are produced. When such 
female intersexes were fecund, i.e., were 
not too abnormal, and were mated with 
their brothers, it was found that in the 
succeeding generation typical Mendelian 
segregation occurred, half the females 
being sexually nonnal, half being inter- 
sexual. The reciprocal cross, European 
male and Japanese female, produces nor- 
mal males and females in the first cross- 
bred generation, but if these are then 
interbred there appear in F2 a certain 
proportion of males that show modifica- 
tion in the direction of the female type 
of organization, i.e., males that are inter- 
sexual. 

Further Investigation by Goldschmidt 
(1913) and his associates demonstrated 
that there were many different races of 
European, Japanese, and American gipsy 
moths that were quite distinct in their 
hereditary constitution in respect of this 
character intersexuality, in that the de- 
gree or grade of intersexuality was defi- 
nite and t3rpical for a particular mating. 
As the result of much experimental breed- 
ing work Goldschmidt was able to classify 


his strains as relatively “strong” or 
“weak.” For example, a “strong” male 
mated to a “weak” female would give 50 
per cent normal males and 50 per cent 
intersexual females. A very “strong” 
male mated to a “weak” female would 
give offspring all possessing the male type 
of sexual organization. A mated to B 
gave low grade of intersexualityj C X D 
a high grade, E X F a grade intermediate 
between these, and so on. If strong race A 
gave moderate intersexuality with weak 
race P, while with race Q it gave strong 
intersexuality, and if strong race B gave 
moderate intersexuality with Q then it 
could be predicted that B with P would 
give only a slight grade of intersexuality. 
Similar males from one culture mated 
with females from different cultures gave 
intersexes that could be arranged in a 
series according to the degree of their 
abnormality: males from different cul- 
tures mated with females from one and 
the same culture gave intersexes that dif- 
fered from these but which could also be 
arranged in a series. It was possible, by 
calling on experience, to produce at will 
every stage from an almost complete male 
to an almost complete female intersex by 
making the appropriate mating. In fact, 
it was as possible to turn the geno- 
typic females into phenotypic males as to 
ensure the regular production of normal 
males and females. 

It was noticed that the condition of 
intersexuality did not affect all the struc- 
tures of the sexual organization equally. 
Some were normal, while others were 
intersexual in their characterization, and 
only purely quantitative characters, such 
as the length of the antennal pennae, 
exhibited a condition intermediate be- 
tween those of the normal male and fe- 
male. Further investigation demonstrated 
that the different structures could be 
arranged in a definite series as regards de- 
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velopmcnt of interscxiiality in characteri- 
zation and that this series was exactly 
the opposite to the order of the einbr>'onic 
differentiation of these stnictures. Those 
organs which are the first to be developed 
and differentiated are the last to be modi- 
fied; those that appear last are the first to 
be changed. From these considerations 
there arose the Time Law of Intcrsexuai- 
ity. An intersex is an individual that has 
developed as a male (or female) up to a 
certain point in its life history and there- 
after has continued its development as a 
female (or male). The degree of inter- 
sexuality is determined by the time during 
the critical period of sexual differentia- 
tion at which this switch-over occurred. 

The interscxual females start their de- 
velopment as females and then at a cer- 
tain point in their development change 
their mode of differentiation and finish 
as males and since the hard parts of an 
insect arc external and composed of chitin 
any of them that have hardened before 
the switch-over remain unaltered by it. 
From an examination of the parts which 
are sexually dimorphic, it is possible to 
decide in the case of any particular indi- 
vidual exactly when the change-over took 
place. The intersex is a sex-mosaic in 
time. The female showing the least de- 
gree of intersexuality has only the feelers 
modified in the manner of the “feathered” 
male type. Those displaying a further 
degree of intersexuality will have the 
male coloring of the wings in addition. 
A further stage will consist in the addition 
of a male type of copulatory organs. 
Next will be a male-type abdomen, and 
the final stage of all will be that in which 
the ovaries are replaced by testes, i.e., 
the genotypic female (according to chro- 
mosome content) will have become a phe- 
notypic male, i.e., an XY individual has 
assumed the characterization normal in 
one with the XX type of chromosome 


constitution. The fact that an individual 
primarily equipped with ovaries can be- 
come so transformed as to possess testes is 
of profound interest since it illustrates in 
the clearest possible manner the relation 
of the structure of the gamete to the 
organization of the individual produc- 
ing it. Genotypically the sperm will be 
identical with the ova previously pro- 
duced but structurally and physiologically 
they will be profoundly dissimilar. The 
genot3^c of the zygote decides the or- 
ganization of the gonad and this dccida 
the morphological and physiological prop- 
erties of its manufactured product, the 
egg or the sperm. It is not the genotype 
that distinguishes egg from sperm; they 
differ because they arc the products of 
dissimilar gonadic organizations and the 
difference takes the form of dissimilar 
structure and behavior. 

From these facts Goldschmidt deduced 
the following conclusions: 

(i) Each sex possesses the potentiali- 
ties of the other since cither can become 
interscxual. (In other words, the em- 
bryonic tissues arc ambivalent as regards 
their future sexual differentiation). 

(i) The type of sexual differentiation 
that the zygote will pursue is determined 
at the time of, and by the mechanism of, 
fertilization. (In other words, sex is 
determined by the nature and interaction 
of the genotype established in the zygote 
by the conjugating genes. If the genetic 
ingredients of intersexuality arc in the 
zygote, then the individual will inevit- 
ably become an interscxual form). 

(3) The normal determination of sex is 
bound up with the X-iX mechanism. 
But as this docs not prevent the occur- 
rence of intersexuaiity and the transforma- 
tion of one sex into the other, it cannot be 
the mere presence of these chromosomes 
or the factors contained wdthin them that 
counts, but rather their quantitative effect. 
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(This is in line with the conclusions that 
have emerged from the consideration of 
other forms of intersexuality discussed 
earlier in this paper). 

(4) The mode of inheritance of this 
intersexuality shows that since the female 
in Lymantria is XY, and since her single 
X-chromosome is received from her father, 
one of the deciding factors in sex-deter- 
mination is transmitted in the X-chromo- 
some. (This is in line with previously 
formed conclusions). 

(5) Other factors concerned in sex 
determination in lymantria are purely 
maternal in inheritance, being resident in 
the Y-chromosome. A daughter receives 
her Y-chromosome from her mother. 
But since a male has no Y-chromosome, 
the factors in the Y-chromosome must 
have exerted their action on the unripe 
egg when this contained both X- and Y- 
chromosomes. (It will be remembered 
that the mature egg of a female that is 
digametic carries either an X or the Y. 
This is due to the fact that of this XY pair 
one member passes into the polar body 
whilst the other stays in the egg. The 
eggs will therefore be of two sorts, X- 
chromosome bearing and Y-chromosome 
bearing, the foimer being fertili2cd by the 
X-chromosome bearing sperm and giving 
rise to an XX individual, a male, the lat- 
ter being fertilised, to an XY zygote, a 
female). If all eggs are to be alike in 
respect of the Y-bome genes these must 
have acted and their products must have 
specifically affected the cytoplasm before 
the X and Y became disjoined. It is seen 
then that there is good reason for postu- 
lating that different genes come into play 
at different times. It is to be noted that 
the Y-chromosome of Lymantria is not as 
the Y of Droso-phila, it is not physiologi- 
cally inert but resembles the Y of fishes in 
that it carries active genes (Aida, 1911, 
Winge, 1912.) 


(6) The fact that the genetically simi- 
lar females give different results when 
mated with genetically dissimilar males 
shows that the sex-determining genes in 
the X-chromosome differ quantitatively 
in the different races. The fact that 
genetically similar males give different 
results when mated with genetically dis- 
similar females shows also that the sex- 
determining factors resident in the Y- 
chromosome can be different quantita- 
tively. 

It will be seen that if both X-bome and 
Y-bome sex-determining genes can so 
vary quantitatively among themselves an 
infinite variety of different genetic com- 
binations can be made, deliberately or by 
chance. 

In order to explain his results and his 
hypothesis Goldschmidt developed a 
somewhat intricate presentation. To the 
male-determining tendency of a particular 
race he assigns a positive value that is 
proportional to the strength of the male- 
determining genes. To the female-deter- 
mining tendency he assigns another value 
also proportionate to the strength of the 
female-determining genes. He then as- 
sumes that when in an individual the male 
value is greater than the female value by 
a certain number of units the individual 
is a male and that conversely when the 
female value is greater than the male by a 
certain number of units the individual is a 
female (F — M == > zo, a female; MM 
— F = > zo, a male). In a weak race, 
for example, F, the female-determining 
gene complex, has a value of 80 units 
assigned to it and M has 60. Since the 
male-determining gene-complex M is 
borne on the X-chromosome and the fe- 
male-determining gene complex F is in 
every egg in the female, XY in constitu- 
tion, F 80 exceeds M 60 by the epistadc 
minimum of zo units, and the individual 
therefore becomes a female; in the XX 
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males, on the other hand, M = 6o + 6o 
as against F = $o, so that there is an 
excess of 40 tmits In the male direction. 
In a strong race F is 100, M is 80, but the 
arithmetical relation between the values 
of F and M still governs the sexuality of 
the individual. (It should be stated that 
it docs not seem impossible to restate the 
whole argument in terms of a numerical 
ratio as Bridges has done in the ease of 
Drosophila, This algebraic interpretation 
is not really satisfactory). 


since they come from different sources 

(see table 4). 

By the use of such symbols It Is easy to 
illustrate the production of an Fi genera- 
tion consisting of 50 per cent males and 50 
per cent females whose bodily characteris- 
tics arc male (see table 5). 

Goldschmidt infers with reason that the 
sexual characterization of any particular 
organ of the sex equipment depends on 
whether one or the other t)’pe of sex- 
differentiating substance is effectively in 


TABLE 4 
REaPKOCAL Cross 


A weak male 

M2M2F1 

MsmF 4 

A strong female 

Gametes 

Ma 

M3F4 : mF* 



M2M5F4 

M>F therefore cP 

MjmF 4 

M<F therefore 9 


Gametes 

M2 Ma 

M8F4 mF4 


{ 

M 2 MaF 4 

M 3 mF 4 



Intersexuai male 

Female 



M«:F 

M<F 1 

M>F 

M<F 


~ greater than; < ~ less than. 


TABLE 5 


Pi, strong male 

MsMjF# 

M2mFs 

Weak female 

Gametes... 

Ms 

M2F3 mFj 


Fi 

MsMaFa 

MjmFa 

Male M > F 

Female (MmF) but M > F, so all with male 
organization 



The conception of Goldschmidt can be 
illustrated by assigning arbitrary numeri- 
cal symbols to the sex-determining fac- 
tors. M = male-determining gene resi- 
dent on the X-chromosome. Mi, Mo, M3, 
M4, Ms, etc. are male-determining genes of 
relatively different cfBciencies; Mi is a 
weak M, Mg a relatively very strong M, 
and so on. Since a male has two X- 
chromosomes he carries two M’s and these 
may be of different grades of efficiency. 


excess at the time when the organ arises in 
development. He interprets the mosaic 
character of the intersex by the assump- 
tion that the amount of sex-differentiat- 
ing substances produced in virtue of the 
presence of the corresponding sex-deter- 
mining genes is not constant throughout 
life: that at one time the male-differen- 
tiating substance is in excess, at another 
the female. In the male of the moth M 
> F and the male-differentiating substance 
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is effectively in excess until the period of 
differentiation is compl ted. In the case 
of the female M < F and the female-differ- 
entiating substance is effectively in excess 
during development. But if it should so 
happen that the sex-differentiating sub- 
stances are produced at different rates, and 
if some genes possess the property of pro- 
ducing more sex-differentiating substance 
in a given time than others, then there 


The male offspring, on the other hand, 
will receive one M from their mother, and 
the other, the quickly producing M, 
from their father, so that in a given time 
the male-differentiating substance will 
be effectively in excess during develop- 
ment. The female offspring will have the 
M from the father, and as a consequence 
the amount of male-differentiating sub- 
stance will increase relatively to the 



DEVEL OP M ENT 

Fig. 9. The Time Law oe Intersexuality (After Goldschmidt) 


exists the possibility that sex mosaics in 
time will be produced. 

A male of a race in which the sex-de- 
termining genes work at a faster rate is 
crossed with a female of a race in which 
these genes work at a slower rate. The 
female-determining factor F is always 
inherited through the mother and in all 
the offspring there will be this factor F 
and the female-differentiating substance 
will be produced in all at the same rate. 


amount of the female-differentiating sub- 
stance, overtake it, and finally supplant 
it, and from this point onwards any sex- 
characters which still have to develop 
will be of the male type. The individual 
will be a female intersex. It is not the 
absolute but the relative rates of produc- 
tion of male- and female-differentiating 
substances that control the modelling of 
the sex-equipment, as shown in Figure 9. 

There are two sorts of sex-determining 
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genes, maie-determining, borne on the 

X, and female-determining, borne on the 

Y. The male genetically is MMF and 
the female MmF, since the action of the 
Y-borne genes is pre2ygotic. The sex- 
determining substances elaborated by these 
genes are known as male-differentiating 
and female-differentiating substances. 
These are elaborated at different rates by 
different male-determining and female- 
determining genes respectively; the intro- 
duction of more quickly and of more 
slowly elaborating genes into a genotype 
can result in a disturbance of the previous 
quantitative relation of the two sorts and 
so yield the intersexual condition. 

In general the point at which the curves 
for production of the male- and of the 
female-differentiating substances intersect 
lies beyond the stage at which differen- 
tiation occurs. But if the growth rate 
could be changed so that the point of 
intersection occurred during or before the 
period of differentiation, then it should 
be possible to produce a partial or com- 
plete reversal of sex and to produce indi- 
viduals genetically of one sex (XX or XY, 
that is), but somatically, phenotypically 
of the other. Goldschmidt by rearing 
Lymantria at very low temperatures pro- 
duced intersexes, thus verifying this in- 
ference. Sex-reversal in these cases is 
due to genetic causes — the fertilized egg 
contains inevitably within itself the seed 
of its eventual transformation in the form 
of a quantitative disharmony of the sex- 
determining factors. 

In the case of Lymmitria the situation 
can be summarized as follows. Genetic 
intersexuality is the condition in which as 
a result of genetic causes the differentia- 
tion of the sex-organization of a genotypic 
male or of a genotypic female, having 
been pursued up to a point in a manner 
appropriate to that sex, is switched over, 
so that after this point it follows the plan 


appropriate to the opposite sex . An inter- 
sex is an XX (or XY) individual which, as 
a result of an abnormal sexual differen- 
tiation comes to possess more or less com- 
pletely the sex equipment appropriate to 
the alternative XY (or XX) individual. 
Not every part of the body is Involved in 
this condition; only the structures of the 
sex equipment are concerned and of these 
only those are affected the differentiation 
of which is not complete at the time of the 
switch-over; the earlier in development 
the switch-over occurs, the more struc- 
tures will be affected and the greater wiU 
be the degree of the intersexual condition, 
and vice versa. 

Intersexuality results when the male and 
female sex-determining genes are quanti- 
tatively incorrectly in harmony, one set 
with the other. It does not occur when, 
as in the case of the genotypic female 
which attains a typical female organiza- 
tion, the female-determining reactions are 
predominant throughout the period of 
differentiation. Intersexuality occurs 
when during the course of this phase of 
differentiation the male-determining reac- 
tions overtake and supplant the female- 
differentiating reactions and so control 
the remainder of the process, or when the 
female-differentiating reactions replace the 
previously predominating male reactions. 

Under ordinary circumstances the female 
sex-differentiating substances in the male 
or vice versa are produced so slowly that 
an effective quantity is not present until 
the critical phase of differentiation has 
closed. If, however, their production 
were speeded up through the presence and 
action of a more rapidly producing female 
gene-complex, the time point at which 
these female-differentiating substances at- 
tained effective supremacy would fall 
within the critical period of differentia- 
tion and would then be the switch-over 
point. Each fertilized egg normally pos- 
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sesses male and femaie-detcmiining genes 
whicli elaborate enzyme-like and specific 
sex-differentiating substances. In species 
in which the female has the constitution 
symbolized as XY, the female sex-dif- 
ferentiating substances are purely mater- 
nal in their mode of transmission so that 
every egg produced by one and the same 
female is identical in respect of this. The 
male-determining gene-complex is X-bome, 
and, therefore, is present in half the eggs 
and in ail the sperm. The rate of pro- 
duction of the two sex-differentiating sub- 
stances or the time at which they come 
into action is a fixed hereditable character 
of a race. 

The case of Lymantria is of particular 
interest because it provides strong evi- 
dence that there are genes on the Y-chro- 
mosome and that different genes come into 
action at different times during develop- 
ment. It is seen that in Lymantria the 
Y-bome genes arc not concerned with the 
development of morphological characters 
directly but with the establishment of a 
certain metabolic level. In the case of 
Drosophila it is known that the Y-chro- 
mosome is not concerned in the development 
of morphological characters but that its 
presence is necessary if the male is to 
be fecund. It is possible that the Y- 
chromosome of Drosophila does carry 
genes and that these, like the Y-bome 
genes of Lymantria^ are concerned with 
the establishment of physiological charac- 
ters exerting their action before orga- 
nogeny commences. 

It is important to note that though the 
phenomena of intersexuality in Lymantria 
are commonly interpreted as the results of 
genetic difference in the rate of production 
of sex-differentiating substances, it is 
equally satisfactory to explain them as the 
sequelae of genetic differences in the time 
at which different gene complexes con- 
cerned in sex-determination come into 


action during development. Mi and 
would then be equally potent, but Ms 
would come into action earlier. In this 
connection the work of Hartmann (1915) 
on the plant Ectocarpus siUculosus is well 
worthy of reference. 

The researches of Pffiiger (i88z), Hert- 
wig (1912.) Schmidt-Marcell (1908), Kus- 
hakevich (1910) and Witschi , (1914- 
1915) have revealed the fact that in the 
frog there are two forms of development of 
the reproductive organs. In one the dif- 
ferentiation of the gonad is either that 
which leads directly to the organization 
of an ovary or that which directly yields a 
testis. In the other there is in the begin- 
ning an organization that is female in its 
characterization but sooner or later 50 
per cent of these cases become transformed 
into testes. It has been established that 
this tendency to early and direct differen- 
tiation on the one hand, and to late and 
indirect differentiation on the other are 
truly heritable characters and that the 
hereditary factors for these characters 
can be transmitted by either father or 
mother; breeding experiments yielded 
results closely resembling those obtained 
in the mating of individuals of different 
“efficiencies” of Lymantria^ and there is 
good reason for interpreting these tempo- 
rary intersexualsin terms of Goldschmidt’s 
Lymantria hypothesis. Swingle (1915) 
very ably upholds the view that the early 
gonad of the male of indirect and late 
differentiation is not ovarian and that 
such a male is not an intersexual. He 
argues that this progonad is sexually 
neutral in consequence of a balance be- 
tween male and female determining tend- 
encies in the zygote and the fate of the 
progonad is decided when the definitive 
sex-cords appear, for then the progonad 
becomes transformed into a testis. The 
definitive testis cannot develop in the 
absence of sex-cords and the appearance 
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of these decides the course of development. 
The time of the appearance of these pecu- 
liar male structures, the sex-cords, is prob- 
ably determined by genetic factors and so 
different races and their hybrids differ in 
the time at which progonad becomes 
testis. According to Swingle “PfLiiger’s 
hermaphrodites” are but males in which 
the appearance of sex-cords in the ptogo- 
nad is*greatly retarded and many recorded 
cases of sex reversal in the frog and toad 
are but instances of such retardation. 

It is of considerable interest to note that 
Witschi secured an adult hermaphrodite 
the eggs and sperms of which were used. 
The eggs of this hermaphrodite fertilized 
with sperms from an individual of a race 
in which early and direct differentiation 
was the rule yielded males and females: 
sperms of the hermaphrodite fertilizing 
eggs of a female of a race in which early 
and direct differentiation was the rule 
gave only females. These facts point to 
the conclusion that this hermaphrodite 
frog was XX in sex-chromosome consti- 
tution and that all its gametes, eggs and 
sperms alike, contained a single X. The 
X sperms fertilizing the X eggs of the 
monogametic female yielded only XX 
individuals: the X eggs being fertilized 
by both X and Y sperms gave both males 
and females. It is to be noted that here 
again is an instance of egg and sperm being 
genotypically equivalent, of ovary and 
testis being possessed of the same geno- 
typic constitution. Manifestly though 
an individual that has the sex-chromo- 
some constitution XY develops testes, 
these develop not because they are XY but 
because they developed in a particular 
kind of internal environment that the 
interaction of the genes in an initial XY 
genotype established. 

Hertwig and Witschi were able to show 
that temperature has a definite influence on 
the type of gonadic differentiation in frogs. 


They found that certain forms cultivated 
at XI °C showed early and direct gonadic 
differentiation, whereas when cultivated 
at some of the females changed after 
the metamorphosis into males. In 
another race cultivated at zj°C all these 
females became transformed into males. 
Evidences of this transition in sexual dif- 
ferentiation can be obtained from other 
sources. At the anterior end of the testis 
of the toad is Bidder’s organ, a .rudimen- 
tary ovary. It is found in both sexes 
while the individuals are immature but in 
the case of the female it degenerates. 
Harms (1914) was able to show that 
Bidder’s organ was a rudimentary ovary 
and that it possessed an endocrine func- 
tion. All the males of Perla marginata 
possess a well developed but non-func- 
tional ovary anterior to the testis (Schon- 
emund, x^iz). In Phylladromia germanka 
He3mions (1890) has demonstrated that 
the anterior part of the gonad of the male 
is differentiated into ovarian tissue; in 
Orchestia Nebeski (1880) has shown that a 
part of the testis always contains eggs; 
while in the crab, Gebia major, Ischikawa 
(1891) has shown that the anterior part 
of the gonad of the male is testicular 
whereas the posterior portion is ovarian 
though incapable of functioning. In 
Myxim Schreiner (1904) has shown that 
while no real hermaphroditism occurs, the 
gonad is mixed, though only the testicu- 
lar or the ovarian tissue is functional . The 
work of Grass! (1919) on the eel suggests 
that similar conditions obtain in this 
form. 

These and many other cases can be inter- 
preted by an appeal to the hypothesis of 
Goldschmidt. 

If it is agreed that the essential differ- 
ence between the male and the female 
lies in the timing mechanism which 
decides whether, while a given organ 
is developing, the male or the female 
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detenninlng reactions are predominant, 
if it is agreed that at some point in the 
development preceding or following the 
stage of differentiation the female deter- 
mining reactions are predominant in a 
genotypic male and vice versa, then the 
efficiency of environ ic agencies to co- 
operate with the genetical factors offers 
no difficulty. The provisional hypothe- 


Bidder’s organ, for example, can readily 
be interpreted on Goldschmidt’s hypothe- 
sis. A represents the progonad; B the 
definite testis. It will be remembered 
that the development of the progonad is 
actually later in the forms with a pro- 
tracted larval phase. During the earlier 
part of the development of the individual 
the female-determining reactions are pre- 



phase. B 


with protracted 
larvae phase. 
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Fig. io 


sis outlined by Goldschmidt to account 
for his Lymantria intersexes then brings 
into one coherent scheme undoubted sex- 
transformation as seen in Crepdula, Sac- 
culina, and BonelUa, the occurrence of 
oviform cells in the pro testis of Anura 
(or among Myriapods as steps in normal 
spermatogenesis), and the cases of sex- 
reversal met with in birds. 

Fig. IO shows how the significance of 


dominant, the female-determining sub- 
stances are effectively in excess, and any 
organ that is developed during this period 
and is responsive to the action of their 
stimulus will pursue its development and 
differentiation under their direction; later, 
in the case of the determined male, the 
male-determining substances become effec- 
tively in excess, and all differentiation of 
the structures of the sex-organization will 
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thenceforward be according to the male 
plan. Thus it will happen that in the 
case of the Anuran with a short larval 
phase, the progonad will present the 
characteristic features of Bidder’s organ, 
whereas in the case of the Anuran with a 
protracted larval life, in which the pro- 
gonad is developed later, there will be 
no Bidder’s organ and no ovum-like bodies 
in the testis. 

Other somewhat similar instances of 
intersexuality that must await interpreta- 
tion until it has been shown whether they 
fall into the Drosophila or Lymantria cate- 
gories have been recorded by Harrison and 
Doncaster (1914), Kuttner (1909), Banta 
(1916), de la Vaulx (1911), Sexton and 
Huxley (192.1), and by Keilin and Nuttall 

Intersexuality in the mammal. 

(a) Intersexuality due to abnormality in 
the time of the differentiation of the gonads. 
Abnormality of the reproductive system 
taking the form of an intimate mixture of 
male and female structures belonging to 
the accessory sexual apparatus is not un- 
common among the domesticated mam- 
mals, and many cases have also been re- 
corded in the human subject. The typical 
history in these cases is that an individual, 
regarded as a female during the earlier part 
of its life, later assumes many of the 
characters of the male. This peculiar 
type of abnormality is particularly com- 
mon in the goat and pig. In the goat 
cases are known in which an individual 
which actually won prizes when shown 
as an immature female, from the time of 
sexual maturity became more and more 
like the male: its beard grew, its head 
became male-like, and about it there hung 
the pungent smell so characteristic of the 
male. In its behavior it resembled the 
“rig,” a male with maldescended testes, 
but its external genitalia retained the 
form of a vulva-like aperture with an over- 


large clitoris. When the internal geni- 
talia from such a case are examined there 
are found paired gonads lying in the situa- 
tion of ovaries or somewhere along the 
track of the migrating testes, which on 
section show the structure typical of the 
maldescended testis; and an accessory sex- 
ual apparatus composed of more or less 
well defined epididymes, vasa deferentia, 
seminal vesicles, prostate, Cowper’s 
glands, uterus, and vagina, the latter in 
some cases having failed to establish com- 
munication with the vulva. 

The literature contains many references 
to this t}^e of abnormality in the human, 
goat, and pig, but these were treated as 
isolated examples and no successful effort 
was made to give to them a common in- 
terpretation until Crew (152.3) examined 
a considerable number of cases in the goat, 
pig, horse, cattle, sheep, and camel. In 
a few of the cases examined, the external 
genitalia had the form of an unremarkable 
vulva and clitoris; in others the rectile 
organ though female in form was unusu- 
ally large and prominent; in others it was 
distinctly peniform yet imperfectly canalic- 
ulized. In a few instances there was a 
solid conical elevation on the abdominal 
wall where in the normal male the penis 
ends. 

In all cases the differentiation of the 
Mullerian and Wolffian derivatives was 
imperfect, and the accessory sexual appara- 
tus consisted of an intimate mixture of 
more or less well developed male and 
female structures. The most variable 
in its degree of development was the 
uterus. 

It w^as found on examination that the 
cases of this condition in the pig fell 
cleanly into one of two classes, (i) those 
in which no morphological evidence of 
the previous or present existence of ovar- 
ian tissue could be found in the gonads 
which were entirely composed of testicu- 
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hr tissues with a histological structure 
varying with the position of the testis 
along the line between the primitive posi- 
tion and the scrotum, but always exhibit- 
ing some degree of degenerative change; 
and (a) those in which both ovarian and 
testicular tissues were present, the gonads 
being one an ovary, the other a testis; 
one am ovary, the other an ovotestis; 
or both being ovotestes. In one case there 
were paired ovaries within the abdominal 
cavity and paired testes beneath the skin 
of the perineum. 

It was noted that in the cases of class 
1 in which one gonad was an ovary, 
this gonad was always the left one, and 
that in an ovotestis the ovarian tissue was 
invariably cephalad to and sharply separ- 
ated by a well defined belt of connective 
tissue from the caudad testicular portion. 
The ovarian tissue was invariably of ap- 
parently normal structure histolog- 
ically, whereas in the testicular tissue 
the spermatogenic was always degen- 
erate to some degree and the interstitial 
plentiful. 

Those individuals in which the exter- 
nal genitalia were distinctly abnormal 
had been identified as “hermaphrodites” 
or “wilgils” by the breeders, and had 
been slaughtered while still immature. 
The few in which the external genitalia 
had the form of an unremarkable vulva 
and clitoris had been regarded as females 
until about the time of sexual maturity, 
when it was noted that instead of assum- 
ing the sexual characterization of the 
adult female they had begun to exhibit 
the secondary gonadic characters of the 
male type, and that the clitoris had begun 
to increase in size. The sexual behavior 
of such of these individuals as proved later 
to belong to class i was as that of the 
“rig,” a male with maldescended testes. 
The behavior of such as belonged to class 
1 was imperfectly male. They were 


slaughtered because of their curious be- 
havior and because they failed to breed. 

The fact that in one class of these cases 
of reproductive abnormality there is no 
ovarian tissue and no suggestion that there 
ever had been any, whereas in the other 
class there is ovarian tissue of apparently 
normal structure, points to the conclusion 
that the two classes are different in their 
nature. If ovarian tissue had ever been 
present in the case of class i , it should have 
persisted, since in those cases in which 
ovarian tissue is present it is invariably 
of normal structure. It is proposed to 
regard the rwo classes as being distinct 
and to treat them separately. 

During ontogeny there is a period in 
which the differentiation of the sexual 
organization is timed to take place. At 
the beginning of this period which fol- 
lows a preliminary phase of growth and 
organ formation, the reproductive system 
consists of (i) paired gonads of indiffer- 
ent histological structure; (i) a rudi- 
mentary accessory sexual apparatus com- 
posed of Mullerian and Wolffian ducts; 
(3) external genitalia represented by the 
growing urogenital sinus and genital 
tubercle. From this initial type of repro- 
ductive architecture, possessed in com- 
mon by all individuals, genotypic male 
and female alike, one or other type of 
differentiated sexual organization, male 
or female, is attained. The indifferent 
gonads become testes or else they become 
ovaries; if they become testes then the 
Wolffian ducts continue their develop- 
ment to become the functional deferent 
ducts of the testes, while the further de- 
velopment of the Mullerian ducts ceases 
and the external genitalia become scro- 
tum and penis. If the indifferent gonads 
become ovaries the Mullerian ducts con- 
tinue their development to become the 
functional uterus with cornua and Fallo- 
pian tubes and vagina, while the develop- 
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ment of the Wolffian ducts ceases and the 
external genitalia assume the form of 
vulva and clitoris. Sexual differentia- 
tion is alternative and the end-product is 
an organization appropriate to the func- 
tional female or else to the functional 
male. 

Between the differentiation of the vari- 
ous structures of the sex-equipment there 
is a time relation. The first structure to 
begin its differentiation is the gonad, the 
next, it is assumed, the external genitalia, 
and finally the structures of the accessory 
sexual apparatus. The results of gon- 
adectomy and gonad implantation have 
shown perfectly clearly that for the appro- 
priate differentiation of the rest of the 
sex-equipment the differentiated gonad is 
necessary. In the presence of functional 
testicular tissue the sexual organization 
appropriate to the functional male is 
assumed; in the presence of functional 
ovarian tissue that appropriate to the 
functional female. Such differentiation 
is pursued under the control of specific 
male and female sex-hormones elaborated 
by the testis and ovary respectively. 
Since the different structures of the sex- 
equipment respond to the physiological 
stimulus of the sex-hormones at different 
times during ontogeny it can be assumed 
that the threshold of response to this 
stimulus differs in different cases, and that 
before this threshold of response is reached 
a certain degree of undifferentiated growth 
is required. E the effect of the func- 
tioning of the differentiated testis is to 
inhibit the further development of the 
Mullerian ducts and their derivatives and 
to encourage the fuller development of the 
derivatives of the Wolffian ducts and to 
model the growing urogenital sinus and 
genital tubercle into scrotum and penis, 
then it is necessary only to explain the 
differentiation of the embryonic gonad 
into testicular tissues in order to explain 


the complete assumption of a male type 
sexual organization by the individual. 

This can be done if it is assumed that the 
gonad in its indifferent stage is ambiva- 
lent as regards its future mode of differen- 
tiation (though not completely so since 
its tissues are chromosomally either male 
or female, XO or XX), and that this dif- 
ferentiation is pursued under the direction 
of male-differentiating and female-differ- 
entiating substances elaborated by the 
male-determining and female-determin- 
ing factors respectively. In the genotypic 
male (XO in sex-chromosome constitu- 
tion) it is the rule for the male-differen- 
tiating substances to be effectively in 
excess over the female-differentiating sub- 
stances during that period of development 
when the differentiation of the gonad is 
timed to take place, whereas in the geno- 
typic female the female-differentiating 
substances are effectively in excess during 
this period. 

These suggestions can be illustrated 
graphically as under classifications shown 
in figure 13. 

The interpretations of the conditions 
found in class i can now be attempted. 
In these cases there were paired mal- 
descended testes, more or less well de- 
veloped derivatives of both Mullerian and 
Wolffian ducts, external genitalia ranging 
from those of the apparently normal fe- 
male to those of the grossly imperfect 
male. The cases could be readily ar- 
ranged in a series according to the degree 
of imperfection of the external genitalia 
and of the degree of development of the 
Mullerian duct derivatives. 

The fact that they could be so arranged 
suggests that they are one and all but 
grades of the same condition and that 
between them there exists a time rela- 
tion. It must be stated clearly that there 
was no evidence which suggested that 
the abnormal individuals were free-mar- 
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tins (see Part II), cases of sex-reversal 
in a genetically determieed female (see 
Part 11 ), or cases of true “glandular 
hermaphroditism” in which the ovarian 
tissue had been removed at an earlier stage 
of development. They will be inter- 
preted as instances of abnormal sexual 
differentiation in the genotypic male and 
the following assumptions will be made: 

(i) The stimulus to differentiation of 
the remainder of the sex-equipment is, in 
the mammal, localized in the gonads. 

(a) The abnormalities pertain only to 
the earlier stages of sexual development. 


It is recognized that in this differentia- 
tion other agencies than the sex-hormone 
are involved, the other endocrines, for ex- 
ample, and that for effective differentiation 
there must be appropriate nutrition, but 
for the present these arc disregarded. 

For purely descriptive purposes it is 
assumed that in the process of the differ- 
entiation of the sex-organization in a 
genotypic male, excluding that of the 
gonads, there are three overlapping phases 
(i) the modelling of the external genitalia; 
(2.) the atrophy of the Mullerian ducts; 
and (3) the further development of the 



— Development. — > 

In the normal male, the malc-diff’eren- 
tiating reactions are effectively in excess 
daring the whole period of gonadic differen- 
tiation, and so the gonads assume the 
stnicturtt of testes. 



— Development. — ^ 


In the normal female the female-differen- 
tiating reactions are efiFectively in excess 
during the whole period of gonadic differ- 
entiation, and so the gonads assume the 
structure of ovaries. 


Fig, 13. Dippbrentiation of Gonads 


(3) The influence of the gonad in the 
mammal at this stage is such as inhibits 
the further development of these struc- 
tures of the accessory sexual apparatus 
appropriate to the alternative functional 
sex, and that these structures, in the abs- 
ence of such inhibition, would continue 
their development unchecked. 

(4) There exists a different threshold of 
response to the sex-differentiating stimulus 
on the part of different structures of the 
sex-equipment and at different times dur- 
ing the development of one and the same 
structure. 


Wolffian duct derivatives. For the sake 
of simplicity it is assumed that for all 
these structures there is one and the same 
minimum stimulus which, provided by 
the male sex-hormone elaborated by the 
testis, will evoke the specific response to- 
ward appropriate development. It is also 
assumed that when once the undirected 
development of any structure has pro- 
ceeded for some time then that stmemre 
is no longer capable of responding to the 
stimulus if and when this is exhibited. 

In A, the minimum stimulus ncccssaiy 
for proper differentiation is exhibited 
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before the time for differentiation has 
been reached, and as a consequence the 
differentiation is such that a completely 
male organization is established. 

InB, in consequence of a retardation in 
the elaboration of the sex-hortnone or of 
the production thereof at a slower rate, 
the differentiation of the external geni- 
talia is partially undirected, and the result 
is grossly imperfect external genitalia 
in an otherwise normal male. The erec- 
tile organ will be most affected, for the 
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the Wolffian derivatives will not be so 
complete. 

In E, the required stimulus is never 
exhibited during the period of the differ- 
entiation of the accessory sexual apparatus 
and external genitalia and the end-result 
will be the full grown embr}^onic form. 

In the absence of the proper endocrine 
control during the period of differentia- 
tion of the accessory sexual apparatus and 
external genitalia, these structures pursue 
a parallel development under the common 



Fig. 14. SPECtTLATlVB InTEEPILETATION OP THE DlFEBEENT GeaDES OP iNTEESEXTJAlITr 


scrotum of the normal male is sessile, and 
if in an abnormal male the testes descend 
through the inguinal canals they will 
become accommodated in a scrotum very 
much, if not quite, like that of the normal. 

In C, in consequence of a greater retarda- 
tion or still slower production, the end- 
results will be external genitalia even 
more imperfect and Mullerian duct deriv- 
atives further developed. 

In D, the external genitalia will be as in 
C, the Mullerian derivatives will be better 
developed, whereas the development of 


stimulus of nutrition. Epididymes, vasa 
deferentia, and seminal vesicles develop 
from the Wolffian duct, uterus and vagina 
from the Mullerian, and if such undirected 
growth continues, then after a time these 
structures will have lost their embryonic 
plasticity, and will fail to respond to the 
stimulus of the sex-hormone if and when 
this is exhibited later. The degree of 
development of the derivatives of the 
Mullerian ducts in a male and of the 
Wolffian ducts in a female and especially 
the degree of imperfection of the external 
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genitalia in a male, will provide signifi- 
cant indication as to the time during de- 
velopment at which the sex-hormone was 
exhibited. 

These grades of abnormality of the re- 
productive system in the pig are thus to 
be explained as the result of the more or 
less complete absence, or of the qualita- 
tive or quantitative insufficiency, of the 
tissue in which the sex-hormone has its 
origin during that period of development 
when the differentiation of the rest of 
the sex-equipment occurs. But since this 
differentiation of the gonad occurs before 
the time of the assumption of many of the 
secondary gonadic characters, where will 
be exhibited then that time is reached. 
So it can happen that an individual whose 
external genitalia, really nothing more 
than a full grown urogenital sinus and 
genital tubercle, are indistinguishable 
from those of an immature female, may 
assume the secondary gonadic characters 
of the functional male and exhibit the 
exaggerated male sex instincts of a rig. 
It is possible that the testes of the male and 
the structures of the mechanism concerned 
in their descent pursue a parallel and 
corresponding development and differen- 
tiation up to the point when descent oc- 
curs, and that if the differentiation of the 
testis is retarded in any way, the proper 
association of testis and gubemacular ap- 
paratus is prevented or embarrassed so 
that the maldescent occurs. 

The frequency of this type of abnormal- 
ity in the pig, and the facts that it is 
more common in certain districts than in 
others, and that certain individuals in 
successive matings yield one or more of 
these intersexual offspring, point to the 
conclusion that this retardation or insuf- 
ficiency of the sex-hormone is a character 
in the genetic sense. 

In order to explain this retardation in 
the exhibition of the sex-hormone the 


following assumption is made. Different 
male-determining and female-determining 
gene complexes elaborate their sex-dif- 
ferentiating substances at different rates 
or come into action at different times. 
The intersexual individual of this class is 
the result of the mating of individuals 
which transmit to their offspring that sex- 
determining gene complex in which the 
factors are “slowly-elaborating” in na- 
ture, so that the minimum stimulus for 
differentiation of the gonad in the male is 
not exhibited at the critical time during 
development. 

It is stated that after complete ovari- 
otomy the Mullerian duct derivatives 
undergo considerable atrophy. In the 
intersexual pig the uterus is often very 
well developed indeed and yet testicular 
tissues alone are present. It will be found 
that if testicular grafts are placed in an 
ovariotomized female the uterus will not 
undergo atrophy. The action of the sex- 
hormone of the male is to inhibit the 
further development of the growing Miil- 
lerian ducts; it does not effect an atrophy 
of the fully developed uterus, in fact it 
would seem that the adult structures of 
the accessory sexual apparatus do not 
atrophy when either ovary or testis is 
present. 

(F) Intersexuality due to abnormality in 
the mode of differentiation of the gonad. The 
cases in class i are instances of as perfect 
intersexuality as is possible in the mam- 
mal. The essential feature of this condi- 
tion is that both ovarian and testicular 
tissues shall be present synchronously or 
consecutively in one and the same indi- 
vidual. The mammal can and occasion- 
ally does possess both kinds of gonadic 
tissues, but it cannot function both as 
male and female since the external repro- 
ductive organs cannot be both male and 
female in their architecture. Moreover, 
oogenetic tissue cannot flourish in a scro- 
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tum nor spcrmatogenic within the abdom- 
inal cavity. Crew (1911) and Moore 
(1913) have shown that the optimum 
temperatures for efficient ovarian and sper- 
matic functioning are widely different, and 
that the temperature within the abdom- 
inal cavity is considerably higher than 
that within the scrotum. Functional 
hermaj)hroditism is impossible, therefore, 
in the mammal. 

The cases examined by Crew and those 
recorded in the literature are similar to 
those of class r in every respect save that 
the gonads include both ovarian and 
testicular tissue. To interpret these cases 
of “glandular hermaphroditism” it is 
necessary only to explain the presence of 
both kinds of gonadic tissues, since the 
abnormalities of the accessory sexual ap- 
paratus and of the external genitalia can 
be explained most simply and yet quite 
satisfactorily by assuming that they are 
exactly the same in nature and in origin as 
those found in the intersexual male of 
class I . These intersexes arc to be found 
among the herds that produce the inter- 
sexual individuals of class i; in one and 
the same litter both kinds of abnormal 
offspring may be produced. 

In the pig the relation of ovarian and 
testicular tissues is remarkable, as has 
already been pointed out. The cases in 
which two ovaries are found within an 
abdominal cavity and two testes within 
an imperfect scrotum are to be interpreted 
as the result of the separation by the 
gubemacular apparatus of ovo testes. If 
an ovotestis is thus divided along the 
line of the connective tissue whch in- 
variably separates ovarian from testicular 
two distinct gonads will be found on one 
and the same side of the body. If the 
testicular portion migrates to a situation 
beneath the skin of the perineum it might 
be expected that functional spermatozoa 
would be elaborated. But even were this 


the case, the imperfection of the external 
genitalia would not permit the individual 
to function as a male. 

One point of considerable interest 
emerges from the study of these cases. 
If testicular tissue is present in one gonad, 
testis or ovotestis, an epididymis and vas 
will be found associated with it, but if 
the other gonad is an ovary no epididymis 
and no vas will be found on this side. 
There is more than hormone stimulation 
involved: it would seem that some me- 
chanical stimulus to the maintenance of 
the epididymis and vas is supplied by a 
testis but not by an ovary. 

The abnormality of the gonads can be 
explained if it is assumed (i) that in 
these classes, males genetically, the sex- 
determining gene complex included 
quickly-elaborating female-determining 
genes and slowly-elaboratiug male-deter- 
mining genes; and (1) that the differen- 
tiation of the gonads is not synchronous 
but consecutive, the left being affected 
before the right, and the cephalad pole 
before the caudad. If these individuals 
are genetic males then as a consequence 
of the balance between male- and female- 
determining factors established at the time 
of fertilization, sooner or later the male 
differentiating reactions will be in excess, 
but if the male determining genes are 
slowly-elaborating and the female-deter- 
mining genes are quickly-elaborating then 
the situation will be such that the female- 
differentiating reactions will first exert 
the necessary minimum stimulus for gona- 
dic differentiation and ovarian tissue will 
be laid down, and that shortly the male- 
differentiating reactions will overtake and 
replace the female, and the remainder of 
the differentiation will be pursued under 
their control, testicular tissues being laid 
down. The relative amounts of ovarian 
and testicular tissues will provide an esti- 
mate of the time during the period of go- 
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nadic differentiation when one kind of sex- 
differentiating reaction replaced the other. 

As a result of the simultaneous presence 
of ovarian and testicular tissues both male 
and female sex-hormones will be elabo- 
rated. It is assumed that this determina- 
tion of the gonads has been retarded and 
that before it occurs the accessory sexual 
apparatus and external genitalia have as- 
sumed more or less the full-grown em- 
bryonic form. But this differentiation 
occurs before the time of the as- 
sumption of the secondary gonadic 
characters, and the structures concerned 
with these will be exposed to the action 
of both kinds of sex-hormone. The re- 
sults are as those obtained in the experi- 
mentally produced hermaphrodite, a 
characterization suggesting that certain 
structures respond prcfcrentialiy to one 
sex-hormone, others to the other. The 
phallus invariably enlarges, while the 
sexual behavior is exaggeratedly male. 

If, on the other hand, the differentia- 
tion of the gonads, though abnormal in 
its mode, is normal in time, occurring 
before the differentiation of the rest of 
the sex-equipment is timed to take place, 
the situation can arise in which, owing 
to the presence of both ovarian and testic- 
ular tissue both types of sex-hormone are 
available for the direction of this differ- 
entiation. The external genitalia, in 
these circumstances will be predomi- 
nantly, if not entirely male, for the reason 
that the somatic tissues being XO in 
constitution, will respond preferentially 
to the stimulus of the male sex-hormone. 
The internal genitalia will be a mix- 
ture of more or less well developed 
derivatives of both Mullerian and Wolffian 
ducts. 

Intersexuality can thus occur in two 


forms in the genetic male, one being the 
result of an abnormality in time of differ- 
entiation of the gonads, and the other of 
abnormality in the mode and in the time of 
the differentiation of the gonads. That 
it should be the male that is prone to such 
abnormality is not surprising, for the 
balance in the sex-determining gene-com- 
plex is known to be less stable in the 
digametic (XO) than in the monogamctic 
(XX) sex. 

Of course, it may well be that these 
individuals are genetic females (in fact, 
further investigation is providing evi- 
dence which would seem to show that they 
arc), that the differentiation of the gonads 
is in the order right to left, caudad pole 
to ccphalad, and that the female-deter- 
mining factors are the relatively slowly- 
elaborating. Baker (1915) is definitely 
of this opinion and has brought forward 
evidence which supports his view. How- 
ever, it is thought fit to present the above 
highly speculative interpretation in order 
to draw the attention of other workers to 
the advantages of the pig as experimental 
material for use in this particular field of 
biological enquiry. 

In the goat and also in the human being, 
judging from the descriptions of ovotestes 
given by different writers (c.g., Krcdiet, 
19x1) the course of gonadic differentiation 
is different from that which obtains in 
the pig, as is also the time relation in 
the differentiation of the structures of 
the accessory sexual apparatus and exter- 
nal genitalia. Nevertheless, with a few 
modifications the scheme suggested for 
the pig can be adapted for the interpreta- 
tion of the conditions found in the human 
intersexual, and of the very many herma- 
phrodites in the mammals, fish, and 
amphibia. 
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X paper on human types 

embodies the results and 
records obtained by the 
author during investigations 
in America, Europe, Japan and the Philip- 
pines, and a discussion of the relation of 
this work to the general literature on the 
subject. More than 100,000 records have 
been tabulated by the writer. The per- 
sons measured or examined included 

16,345 American Whites, 7,507 American 
Negroes, 5,158 Filipinos, 3,540 Japanese, 
561 Chinese, 5*61 Spanish, 71 East Indians, 
and a few American Indians. 

The problem of human types is one 
that has bafSed the ages, and it is not 
yet in a fair way to complete solution. 
Many factors such as heredity, environ- 
ment, isolation, dispersal, differentiation, 
crossing and recrossing have resulted in 
mosaics of peoples throughout the world. 
It would take too much space to try to 
unravel the complexities, but a word as 
to some of the chief transformations up 
to the present time may not be out of 
place. 

The Neanderthal man of the Mousterian 
period in Europe was of the extreme 
Mesomorph, or intermediate form of 
man from the anatomical or morpholog- 
ical standpoint. Modifications of this 
form exist throughout Oceania and in 
Africa, and may be seen in Europe, as 
recorded in recent anthropological sur- 
veys in the small islands of Denmark (64). 
Throughout the Pacific area this form 
has been called Australoid, and in Africa 
occurs among the purer Negroes. It has 


become modified among the Yellow- 
Brown peoples in Asia and America where 
it resembles the late Paleolithic forms of 
Europe. The modifications of the Nean- 
derthal may be seen in Europe in the Spy 
skeletons, again at Krapina, and in Mora- 
via and Bohemia, as well as in the Aurig- 
nacian and Solutrean forms, and the 
later Brno, Briix, Combe Capelle and Cro- 
Magnon forms (jo). As the people 
spread to the Mediterranean and Baltic 
basins, with the development of the 
harpoon and the use of fish as food, they 
became smaller and slenderer so that the 
type changed from that of the Mesomorph 
to that of the Hypermorph. The pig- 
mentation increased in the Mediterranean 
basin and decreased in the Baltic. Fleurc 
(31) has traced the changing types 
through southern Britain, Wales and 
Ireland, where the face grew narrower 
and longer and the orbits high and narrow 
instead of low and broad. Around the 
littoral of Europe somewhat inland, and 
in Scandinavia, the stature remained tall 
whereas it became small in the south. 
The peoples of the interior of Europe 
remained more of the Mesomorph type, 
broad and stocky. 

Certain stocks that became isolated 
and lived under adverse conditions were 
reduced to a more or less infantile form, 
with short arms and legs and round heads 
and faces. This finds its extreme mani- 
festation among the Negrillos of Africa, 
the Negritos of the Pacific, and the 
Malays, and in a more or less modified 
form among the peoples of the sub-arctic 
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regions, as the Siberians and Lapps. This 
type I have called the Hypomorph. 

The three t3rpes, Hypermorph or high 
form, Mesomorph or medium form and 
Hypomorph or low form, are the three 
outstanding generalized forms of man. 
Only the first two are found in Europe 
or among the White peoples, whereas 
all three types are found among the 
•Blacks and Yellow-Browns. 

The chief anthropometric characters 
of the three types may be given in a 
general way as in table i. 

It may be seen that this method of 
classification of man into types cuts 


are found together among men through- 
out the world. 

The question arises as to whether the 
coordinate characters are the result of 
phylogeny or ontogeny; whether they 
are the result of evolution or of individ- 
ual development. Evidence of the in- 
coordinate conditions in evolution has 
been advanced by Hooten in a study of 
many characters of man and apes, con- 
ditions that he groups under the term 
asymmetrical evolution, but that might 
more properly be called incoordinate evo- 
lution. I called attention to similar 
conditions noted in the living in a pre- 


TABLEi 

Generalized characters oj the three types 

MESOMORPH HYPERMORPH 


Stature 

Small 

Medium 

Tall 

Sitting height. 

High 

Medium 

Low 

Legs 

Short, broad 

Medium 

Long, narrow 

Arms 

Short, broad 

Medium 

Long, narrow 

Body 

Round 

Bulky 

Wiry 

Neck 

Broad 

Medium 

Narrow 

Shoulders 

Broad 

Medium 

Narrow 

Thorax 

Broad 

Medium 

Narrow 

Hips. 

Broad 

Medium 

Narrow 

Nose 

Short, broad 

Medium 

Long, narrow 

Ears 

Short, broad 

Medium 

Long, narrow 

Hands and feet 

Short, broad 

Medium 

Long, narrow 


squarely across the recognized races or 
groups of man, whether we take the 
grouping of Haddon (39) into Straight- 
Haired, Wavy-Haired and Wooly-Haired, 
or that of Hrdlicka into White, Black 
and Yellow-Brown or almost any other 
classification of man that has been de- 
vised by anthropologists. The present 
classification into Hypomorph, Meso- 
morph and Hypermorph has the advan- 
tage of a large number of conformable 
characters, only the chief of which were 
grouped in table i. It does not attempt 
to group into races, but only calls atten- 
tion to some coordinate characters that 


vious paper (19), where the suggestion 
was made that characters as well as types 
have undergone evolution and have be- 
come exaggerated in one direction or 
another. Thus the nose is broad and 
flattened in the Black, narrow and high 
in the White and intermediate in the 
Yellow-Brown. The woolly hair of the 
Black and the straight hair of the Yellow- 
Brown are extremes, neither of which 
has been reached in the White. The 
dark skin of the Black and the light 
skin of the White are more extreme than 
the intermediate coloring of the Yellow- 
Brown. The glabrous Yellow-Brown 
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and the hirsute White arc more extreme 
than the intermediate hairiness o£ the 
Black. The ear type of the White is 
between that of the Black and of the 
Yellow-Brown. The large brain of the 
White and the small brain of the Black 
are more extreme than the brain of the 
Yellow-Brown. Similarly we might 
point out that the legs of the Negro 
are the longest and those of the Yellow- 
Brown the shortest, with the White in 
between; the arms, hands, feet, trunk, 
and many other parts of the body may be 
differentiated in like manner. These 
variables are but an illustration of oscil- 
lation in evolution which produces dif- 
ferent results upon various characters 
under different conditions. 

The result is that neither the White, 
nor the Black nor the Yellow-Brown is 
extreme nor is any one of them inter- 
mediate, in all of the characters men- 
tioned. Continental areas have not pro- 
duced homogeneous results. The White 
of Europe, the Black of Africa and the 
Yellow-Brown of Asia are not uniform 
in their characters in relation to each 
other. On the other hand the Hypo- 
morph. Mesomorph and Hypermorph 
are uniform regardless of race or continen- 
tal area. Other factors have been more 
potent than these in their formation. 
The Hypermorph has been found more 
extreme in its characters near the sea, as 
about the Mediterranean and Baltic and 
in Britain and Japan; the Mesomorph has 
remained more marked in character in 
the interior of continental areas; and the 
Hypomorph has been most extremely de- 
veloped in the tropics and arctic regions 
under adverse living conditions. 

The distribution of these types has been 
treated at some length in papers that 
have appeared during the past three 
years in the American Journal of Anatomy^ 
C17), (18), (19). Their characters have 


also been presented in a general way with 
descriptions of their movements, and of 
their development and evolution. The 
types will now be illustrated, and their 
exact measurements as found in typical 
persons will be given, with some discus- 
sion in detail as to the composition of the 
types. First, outline drawings will be 
given of the types among the Blacks 
and Yellow-Browns; then photographs 
will be used for the Whites. The out- 
line drawings were made by projection 
from actual photographs, and in order 
to show the characteristic differences 
few lines were made. The outlines 
bring out the desired characters better 
than photographs, and the differences 
are more easily and clearly seen because 
no distracting or extraneous structures 
are shown. 

I. TYPES OF THE BLACK KACB 

Figures i, 2. and 3 represent three 
American Negroes in side view and 
figures 4, 5 and 6 three Negritos of the 
Philippines in front view. Figures 1 
and 4 are Hypomorph, figures x and 5 
are Mesomorph, and figures 3 and 6 are 
Hypermorph. 

The Hypomorph (17) has a broad, 
flattened nose that is button like, as in 
the infant, depressed at the root and along 
the bridge and over the ridge; eyes that 
are wide apart and nearly closed, with a 
tendency toward the Mongolian Fold; 
and thick, everted lips. The ears arc 
small, rounded and semi-bowl shaped. 
The face and cranium are rounded and 
somewhat flattened in front. 

The Mesomorph (17) has a broad, 
pyramidal nose, that is somewhat flat- 
tened but is not so much depressed as 
that of the Hypomorph at the root and 
along the bridge and over the ridge; 
eyes that arc not so far apart, with a 
slight tendency toward the Mongolian 
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FoH; and a large mouth without the thick 
everted lips. The ears are large and not 
so bowl-shaped as in the Hypomorph, 
and the cranium and face are large and 
oval, without so much flattening in 
front. 


Figures 7, S and 9 illiistrare the propor- 
tions of the extremities in relation to the 
remainder of the body. Figure 7 is the 
Hypermorph, flgure S the Mesomorph 
and figure 9 the Hypoffiorpli. These are 
photographs of three Negritos of the 






Fig. I. An American Negro op the HypoivIorph Type. Fig. 1. /In American Negro op the Meso- 
morph Type, Fig. 3- An American Negro Mixed with White of the Hypermorph Type. Fig. 4. A 
Filipino Negrito op the Hypomorph Type. Fig. 5. A Filipino Negrito op the Mesomorph Type. Fig. 
6 . A Filipino Negrito op the Hypermorph Type, 


The Hypermorph (17) has a narrow, 
long, high nose; eyes that are close to- 
gether and wide open; a small mouth 
with thin lips; and thin ears with slen- 
der helix and everted tragus and antitra- 
gus. The cranium and face are long and 
narrow. 


Philippines. The legs of the Hypo- 
morph are relatively to stature or to 
sitting height very short, and the trunk 
is very long. The arms are also relatively 
short but not so much so as the legs. 
The hands and fingers are broad and 
short, and other characters of the Hypo- 
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A Filipino Negrito of the Hypermorph Type. Fig. S. A Filipino Negrito of the 
Mesomorph Type. Fig. 5. A Filipino Negrito of the Hypomorph Type 


tively long but not so much so as the stock; the typical ones are invariably of 
legs. The hands and fingers are long mixed stock in America, and probably 
and narrow and other characters of the also in Africa, therefore they may be left 
Hypermorph may be seen. The Meso- out in presenting the measurements of 
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tvpical persons of the Black Race. 
Measurements of a typical male and female 
Hypomorph and Mesomorph of the Black 
Race are given in table x. 

X, 

TABLE 1 

Actual ?neasuremevts of typical Hypomorph and Meso- 
morph persons of the Black Race 

HYPOIIOEPH ICESOMORPH 


Character: 


Stature 

151. 145.0I167.1 

156. S 

Sitting height 

Si. 77.1 S4.Z 

79.0 

Leg length 

69. 67.9 Sz.9 

77 - S 

Arm length 

71. 67.1 76.0 

70.5 

Acromion height. 

III. 116.7136.0 

118.0 

Head length 

18. 18. S 

17.8 

Head breadth 

14. .3 14. 1 

13.8 

Nose length 

4. 4.65 

4.0 

Nose breadth 

4. 4.3 4.8 

3-7 

Ear length 

5-4 5-9 

5-5 

Ear breadth 

Index : 

Sitting height 

3-1 3-7 

3-3 

Stature 

Sitting height 

54. 50.4 

50-5 

Leg length 

Sitting height 

117.0 113.5 


Arm length 

Head breadth 

,114.5 II 4-5 

IIl.O 

Head length 

Nose breadth 

Si.o 80.0' 75. 

79.0 

Nose length 

Ear breadth 

105.0 105 

93.6 

Ear length 

59. 8 63.0 

60.0 


The measurements and indices speak 
for themselves and show the obvious 
differences between the Hypomorph and 
Mesomorph. The stature of the Hypo- 
inorph is less than that of the Meso- 
morph, and as the sitting height of the 
two is not greatly different, the chief 
difference is in the leg length. The arm 
length shows less difference than the 
sitting height and much less difference 


than the leg length. This comes out 
clearly in the indices. The sitting height 
divided by the stature shows a difference 
of about 5 per cent between the Hypo- 
morph and the Mesomorph; the sitting 
height divided by the leg length shows 
a difference of about 11 per cent; and the 
sitting height divided by the arm length 
shows a difference of about 3 per cent. 
The index, of the sitting height divided 
by the stature, of the Mesomorph is a 
true Negro index wRereas that of the 
Hypomorph is a Negrillo index. The 
same may be said of the cephalic index, 
or the head breadth divided by the head 
length, and of the nasal index, or the nose 
breadth divided by the nose length. This 
means that the True Negro is a Meso- 
morph and the Negrillo is a Hypomorph. 

A great many other characters might 
be selected that would show as well 
as these the differences between the 
Hypomorph and Mesomorph but these 
will suffice. It must not be assumed that 
each person among the Blacks will be 
exactly like the examples given because 
this is not the truth. There are so 
many variants that only the extreme 
forms may be readily allocated to one 
group or the other. The great mass of 
the Blacks, in fact, will be found to be 
different from either the Hypomorph or 
the Mesomorph because these are the 
extremes. It may be possible to show 
that each person is like a Hypomorph 
or like a Mesomorph although not strictly 
one or the other. This will be brought 
out later in dealing with the Whites 
where a more intricate and detailed anal- 
ysis of the types becomes possible. 
The Whites are more heterogeneous be- 
cause of greater mixtures yet they have 
less distant extremes because of more 
homogeneous environment. 

We may now turn to a consideration 
of the types of the Yellow-Browns. 
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II. TYPES or THE YELLOW-BROWN RACE 

The Blacks and the Yellow-Browns 
have come together in India and Oceania 
as well as in southeastern Asia, there- 
fore the Malays, Melanesians and Poly- 
nesians should be treated as mixtures of 
those two races wdth the addition of some 


Figure lo shows a Hyponiorph Fili- 
pino Negrito; figure ii, a Mesomorph 
Melanesian; figure ii, a Hypermorph 
Polynesian; figure 13, a Hyponiorph 
Chinese; figure 14, a Mesomorph Chinese; 
and figure 15, a Hypermorph Japanese. 
These do not represent the only types of* 
the groups to which they belonp, 



Fig. 10. A Filipino Negrito of the Hypomorph Type. Fig. ii. A Melanesian of the Mesomorph 
Type. Fig. iz. A Polynesian of the Hypermorph Type. Fig. 13. A Chinese of the Hypomorph Type, 
Fig. 14. A Chinese of the Mesomorph Type. Fig. 15. A Japanese of the Hypermorph Type. 


Whites from near the Mediterranean, 
called in India, Pre-Dravidians, and other 
Whites from the north, called Indo- 
Europeans. It would take too much 
time and space to unravel the complexi- 
ties of such a conglomerate even were it 
possible. A few characteristic outlines 
of the face will be given, with a later 
analysis of a Malay group in averages. 


are the most characteristic types of the 
groups. The Negritos are more Hypo- 
morph, the Melanesians are more Meso- 
morph and the Polynesians are more 
Hypermorph; whereas the Chinese are 
both Hypomorph and Mesomorph, and 
the Japanese are Hypermorph among the 
upper classes although both Hypomorph 
and Mesomorph among the lower classes. 



HUMAN TYPES 


367 



The Negrito and the Melanesian are 
like the Hypomoq:ih and Mesomorph 
Blacks, which they are in fact, and the 
Polynesian is like the Hypermorph of 
the WlVtes. The Chinese and Japanese 
are Yellow-Browns. The Mesomorph 
Chinese is like the Hypermorph Black, 
Hypermorph Japanese is like the 
Hypermorph White. Further de- 
scription of the types is unnecessary if 
the reader will refer to the descriptions 
already given for the types among the 
Blacks. 

A great difference was found between 
the official classes and the laboring classes 
when examining the Japanese in 1907 
and 1910. The percentage proportions 
of the types are given in table 3. 

TABLE 3 

Ths proportions of the types in Japan 


Official, male. 

3-1 

16.5 

70 4 

156 

Laborer, male 

z8.i 

58-3 

13.6 

3,8ii 

Both, female , 

zy.e 

45-5 

16.9 

44Z 


The difference is so great and so strik- 
ing that the two classes seem almost to 
be different races, although both are 
Yellow-Brown. A photograph is pre- 
sented in figure 16 of a lady of the upper 
class who is a true Oriental although 
much like many Europeans of the Medi- 
terranean stock, of Spanish or even of 
English extraction. The inference is 
that insular life during a considerable 
period of time has produced in the Orient 
similar types to those of the Occident 
under similar conditions. As Fleure 
(31) has found that the south Britons 
have become slenderer, so we may pre- 
sume that the Japanese have done the 
same, especially in the higher classes. 


Fig. 16. A Japanese Woman of the Ruling Family, 
OF THE Extreme Hypermorph Type 

From World Wide Photos 
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We miy now present the actual measure- 
ments of typical representatives of the 
Hypomorph, Mesomorph, and Hyper- 
morph Yellow-Browns (table 4). 

The differences between the types are 
obvious from this table of measurements, 
and verify the descriptive differences 


those of the Black types. These are 
racial differences that are not obscured 
by the type differences; neither does one 
set of characters vitiate the other. Both 
are obvious. 

The Blacks have the shortest ears and 
the broadest noses in the world, and the 


TABLE 4 

Actual measurements of typical Hypomorph^ Mesomorph and Hypertnorph persons of the 



HYPOMORPH 

MESOMORPH 

hypermorph 


Male 

Female 

Male 

Female 

Male 

Female 

Character: 







Stature 

149.3 

141. 1 

168.4 

151.1 

170.7 

155. s 

Sitting height 

83.0 

75-5 

88.1 

80.5 

88.8 

79.0 

Leg length 

66.8 

66.6 

00 

0 

71.7 

81.5 

76. s 

Arm length 

67.3 

65.7 

79.0 

67.8 

80.5 

70 1 

Acromion height 

110.3 

115.1 

138.0 

111.8 

138.7 

118.6 

Head length 

17.1 

16.3 

18.3 

17.1 

18.1 

18.0 

Head breadth. . . , 

15-3 

14.1 

15.6 

14.6 

14-3 

14. 1 

Head height 

13.0 



11.3 

11.4 

11.3 

Nose length 

4.6 

3-4 

4.7 

4.6 

4-4 

4.9 

Nose breadth — 

4-1 

3-9 

4.1 

4.0 

3.6 

3-S 

Ear length 

6.3 

5-9 

6.7 

6.6 

6.3 

6.3 

Ear breadth 

3.6 

3.6 

3-8 

3-6 

3-6 

3.1 

Index : 







Sitting height 







Stature 

55-4 

53-1 

51.1 

51.8 

51.6 

50.7 ■ 

Sitting height 







Leg length 

114.0 

113.1 

109.5 

III. 3 

107.0 

101.4 

Sitting height 







Arm length 

113.6 

115.0 

III .4 

118.5 

109.5 

' III. 5 

Head breadth 







Head length 

89. 0 

87. 1 

85.3 

85 • 0 j 

78.5 

78. 0 

Nose breadth 







Nose length 

89.1 

114.7 

89. 0 

87.0 

81.8 

77.5 

Ear breadth 







Ear length 

57.2. 

61.0 

56. 8 

54.6 

60.1 

50.7 


already given. The stature, head breadth 
and leg length are especially characteristic 
as are also all of the indices. Attention 
is directed to certain differences between 
the types of the Black Race and the Yel- 
low-Brown. The head breadth, nose 
length and ear length of the Yellow- 
Brown types are uniformly greater than 


Yellow-Browns have the longest ears 
and the broadest heads in the world. 
The Yellow-Browns have a high cephalic 
index and the Blacks a low one. On 
the other hand the Hypomorph has great 
head breadth, the Mesomorph less and 
the Hypermorph least; the Hypomorph 
has a high cephalic index, the Meso- 
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morph less and the Hypeniiorph least; 
and the Hypomorph has a high nasal 
index, the Mesomorph less and the H\’p)er- 
morph least. The ear index is not so 
good ‘ji differentiator of type as the 
other characters, or as the form of the 
ear from the descriptive point of view, 
escriptive characters of the ear (10) 
r)een used by me more than any 
single character, although the nose 
is equally characteristic, but I have 
described the ear and nose types in other 
publications (7) (8) (ii) (11) (13) (17), 


number of Chinese and Spanish Mestizos 
among them. Some of those between 
the ages of 14 and 15 are from Taytay, 
where all the remainder between the ages 
of 2.5 and 80 reside. These are the purest 
Malays, although they may have a trace 
of East Indian and Chinese among them. 
In spite of this conglomerate and in 
spite of the small numbers at certain ages 
the tables show fairly uniform differences 
between the types. The entire group is 
a fair representation of the Yellow-Brown 
Race, although there are no American 


TABLE 5 

Number of Filipinos in each sex, type and age group 


— 6 [ — S [ — loj — ii| — 14] — i6j — iSj — zo| — ijj — 3o| — 40 


Iviale 


Hypomorph. 

4 

I 

1 

6 

9 

14 

7 

6 

5 

4 

3 


Mesomorph. 

4 

8 

II 

10 

19 

73 

189 

117 

53 

17 

zz 

19 

Hypermorph 

6 

z 

6 

9 

10 

^3 

39 

z6 

13 

9 

16 

4 


Female 


Hypomorph . 


2. 

I 

\ 

z 


9 

7 

3 

1 

3 

1 

Mesomorph. 



z 

7 

8 

11 i 

10 

13 

8 

7 

3 

II 

Hypermorph 


I 


5 1 

8 

7 

18 

I 

4 ’ 


8 

6 


therefore it is not necessary to repeat 
the descriptions here. 

Tables 6 and 7 illustrate by averages 
the actual measurements of 1,008 Filipinos 
between the ages of 5 and 80 years. Table 
5 shows the number at each age and in 
each sex. 

Three groups of Filipinos are included 
in table 5. Those under iz years are 
from the schools in Manila, residents of 
that city and largely of the littoral or 
coast Malays, Neo-Malays. Those be- 
tween 14 and 15 are students of the Nor- 
mal and Trade schools in Manila, and 
from all parts of the Philippines. They 
are also Neo-Malays, but have a large 


Indians among them. The stock from 
which the American Indians came is 
well represented, as also are related 
stocks. 

In tables 6 and 7 the male and female 
statures are shown for the three types. 
The Hypomorph is of lower stature at 
all ages than either the Mesomorph or 
the Hypermorph, and the latter two have 
nearly the same stature although the sta- 
ture of the Mesomorph is usually less than 
that of the Hypermorph. The high sr iture 
at the age of zo years is due to the large 
number of Mestizo students. The stature 
after that age is smaller because only the 
Malays of Taytay are included. The 
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averaL'CS of the females are more irregular the types as those of the stature, although 
than those of the males because of fewer not so clearly. The female is particularly 
females at each age. irregular and in the early years the 

TABLE 6 

Ai'crjgc measureimnts of Filipinos anci Whites {males') between the ages of / and So years 



Stature 


Filipino hvpomorph 1 

- i 

104 

115 

131 

140 

143 

15^ 

157I 

I5X 

151 

1 1 

151I 

151I 


151 

Filipino mesomorph 

110 

115 

1x5 

134 

149 

159 

164 

168 

167 

159 

^59 

159: 

161 

_ 

Filipino hvpermorph 

io6 

in 

ii6 

137 

^38 

158 

168 

164 

166' 

161 

163 

161 

166 

160 

White mesomorph 

115 

119 

131 

140! 

150 

— 

166 

tyi 

173 

173 

1 i 

171^ 

170 

- 

White hvpermorph 

110 

IZ4 

134 

143 

155 


175 

176 

177 

178 

175 

176 

176 

174 


Sitting height 


Filipino hvpomorph 

5S 

59 

61 

68 

70 

78 

81 

83 

8i 

81 

81 

81 

81 

78 

Filipino mesomorph 

59 

6i 

64 

68 

76 

81 

84 

84 

85 

84 

84 

85 

84 


Filipino hvpermorph 

5 ^ 

61 

65 

70 

77 

8i 

85 

86 

86 

84 

87 

86 

86 

81 

White mesomorph 


63 

68 

71 

76 

- 

89 

91 

93 

93 

93 

93 

93 : 

91 

Wince hvpermorph 


64 

68 

7o 

78 

91 

90' 

93 

94 

94 

93 

94 

94I 

s^ 


Leg length 


Filipino hvpomorph 

49 

45 

51 

63 

71 

73 

71 

73 

71' 

70 

70 

71 



Filipino mesomorph 

- 

55 

58 

64 

73 

77 

78 

79 

78 

75 

76 

73! 

76 


Filipino hvpermorph 

- 

54 

61 

66 

76 

79 

81 

78 

78 

75 

77 

80 

78 

77 

White mesomorph 

54 

56 

64 

69 

73 

- 

79 

S3 

84 

84 

81 

81 

79 

- 

White hvpermorph 

57 

61 

67 

71 

771 

■— 


86 

85 

85 

85^ 

85 

84 

81 


Leg index 


Filipino hvpomorph 

119 

116 

114 

108 

1 01 

105 

II4 


II3 

lii 

113 

116 



Filipino mesomorph 

117 

113 

109 

108 

105 

106 

107 

107’ 

109 

113 

III 


114 

III 

Filipino hi'permorph 

115 

no 

105 

107 

100 

105 

107 

109 

109 

113 

114 

Hi 

no 

__ 

White mesomorph 

118 

115 

loS 

106 

106 

— 

— 

108 

no 

III 

114 

115 

116 


White hvpermorph 

106 

106 

105 

101 

- 3 i 

— 

— 

104 

106 

108 

107 

no 

III 

- 


Hand length 


Filipino hvpomorph 






148 

178 

171 

168 

163 

164 

163 

157 


Filipino mesomorph 







168 

178, 

178 

178 

177 

179 

180 

181 

Filipino hvpermorph 






173 

i66i 

i8Si 

184 

178 

1S5 

184 

: 183 

17S 

White mesomorph 















White hvpermorph j 
















The averages of the male and female averages almost coincide. The differences 
sitting height as shown in tables 6 and are clearer in the males. Here, as in the 
7 illustrate the same differences between stature, the Hypomorph has a lower 
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,-s:rting height at practically all ages types, although in the female, as usual, 
than the Mesomorph and Hypermorph, the diuerence is not so clear as in the 
and the latter two are close together. male. The sexual factor in the female 


TABLE 7 

jireraie mtiasuranents oj Filipinos ami Whites b-tiveen th- a i^es oj j and 

Dimensions in cenuimeters 



Filipino hypomorph 

114 

III 

1^5 

h: 

^45 

M 5 

151: 

150 

150 

M 5 

M 5 

i 

1 

- ; 


Filipino mesomorph 

- 

- i 

- 

14c 

148 

151 

1 154; 

154 

154 

147 

149 

i 144 

144 

144 

Filipino hvpermorph 

- 

116 


14c 

14s 

^541 

1541 

156 

151 

151 

150 

150 

i4i?i 


White mesomorph 

117 

III 

130 

14c 

15C1 

156! 

1 _ 

161 

163 

160 

i 160 

160 

i6o| 

160 

White hvpermorph 

iiS' 

113 

131 

146 

156 

160 


163 

163I 

163! 

V 

y 

165 

163 

161 


Sitting height 


Filipino hvpomorph 

- 

61 

66 

73 

1 731 7S 

1 Si 

1 1 

I Sij 

Si 

78 

"^1 

[ 

77 


Filipino mesomorph 

- 

- 

- 

73 

1 '5 

78, 

79 

1 Sol 

Si 

79 , 

79 i 

78 76, 

76 

Filipino hvpermorph 

— 

59 

65 

7 -j 

i 7 ^: 

Si 

81 

S4: 

So 

Si, 

80 

79 79 i 

1 _ 

White mesomorph 

61 

61 ! 

67 

75 

79 

Si 

- 

- : 

S 7 i 

86j 

8s! 

S6i Spi 

S5 

W’hite hrpermorph 

63 

66 

65 

73 

Si 

S4 

— 

— 

861 

86 

S6| 

87 87' 

1 S4 


Leg length 


^ilipino hvpomorph 

— 

55 

57' 

65' 

70' 

67 

70! 

69 

70 

69 

6S 


_ j 

— 

Filipino mesomorph 

- 

- 

- : 

67 

73 

73 

74 ' 

73 

73 

68 

70 

70 

70' 

68 

Filipino hvpermorph 

- 

60 

63 

67' 

71 

71 

73' 

71 

T- 

71 

72 - 

71 

65 

- 

White mesomorph 

53 

57 , 

61 

68 

73 


- ' 


7 & 

76^ 

73 

73 

71 

“ 

White hvpermorph 

54 

59 

64 

71 

76 

78 

_ 


77 

77 

79 

79 

79 

78 


Leg index 


! 

Filipino hvpomorph 

- 

113 

III 

III, 

no; 

113 

111 

114 

II3 

214 

in 

III 

III 


Filipino mesomorph i 

117 

114 

III 

loS 

103 

107 

107 

no 

' III 

II4 

111 

III 

in 


Filipino hypermorph 

- 

- 

- 

107 

105 

mi 

109 

II6 

114! 

116 





White mesomorph 

117 

log 

108 

105 

107 

iq6 

_ 

- 

II7 

iiS 

111 

117 

118 

116 

White hvpermorph 1 

118 

111 

104 

105 

106 

105 

_ 

— 

III 

107 

in 

111 

III 

HI 


Hand length 


Filipino hvpomorph 







171 

161 

157 

145* 

166 

160' 



Filipino mesomorph 









155' 

i6i 

161 

161 

161 

15S 

Filipino hvpermorph 









! 168' 

178 

158 

168 

158, 

168 


The averages of the male and female may have something to do with the irreg- 
leg length as shown in tables 6 and 7 ularity of the data, although the small 
illustrate more clearly than those of number of persons may also be responsible, 
sitting height the difference between the The greatest difference so far noted is in 
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the short legs of the Hypomorph in rela- 
tion to the leg length in the other two 
types. This is one of the chief differences 
noted between the types. 

The averages of the male and female 
leg index, or the sitting height divided by 
the leg length, as given in tables 6 and 7 
show differences between the Hypomorph 
and Hypermorph, with the Mesomorph 
in between, during the earlier years es- 
pecially; but there is some irregularity 
in the adult and preadult stages. These 
averages fall as the legs grow rapidly 
and rise as the sitting height grows rapidly. 
The Hypomorph average is above the 
others in the male and also to some 
extent in the female. 

The averages of the male and female 
hand length as shown in fables 6 and 7 
illustrate the differences between the 
three types in this respect. The Hypo- 
morph has a short hand, the Mesomorph 
is intermediate and the hand of the Hyper- 
morph is long. The hand of the Hypo- 
morph is also broad, that of the Meso- 
morph is intermediate, and the hand of 
the Hypermorph is narrow. The Chinese 
have long narrow hands, therefore the 
index of the hand, the width divided by 
the length, would be Hypermorph. It 
is about 40 in the Chinese; whereas it is 
about 41.5 in the American White Hyper- 
morph and about 45 in the American 
W'hite Mesomorph. The hand breadth 
of the Filipinos was not measured, but 
from observation the hand index of the 
Hypomorph Filipino is between 45 and 
50 - 

Tables of averages of the same kind as 
those given have been made for such 
characters as the head height, head 
breadth, head length, cephalic index, 
mean head height index, head height- 
head length and head height-head 
breadth indices, nose length, nose breadth, 
nasal index, ear length, ear breadth. 


ear index, upper arm length, lower arm 
length, brachial index, hand length, hand 
breadth, upper leg, lower leg, crural 
index, interm embral index, leg-sitting 
height index, arm-sitting height index, 
and others. In all of these the three 
types may be separated more or less. 
When it is considered that typ e^ 
were determined chiefly by the caretu 
inspection of the ear and nose fofmT it 
will be understood that the types are 
anthropometric entities as well as mor- 
phologic forms. The measurements and 
curves corroborate the evidence of the 
eye. It is of great interest and importance 
that the type holds together so well. In 
rare individuals there is a mosaic. Some- 
times the head will be Hypomorph and 
the arms and legs Hypermorph, again 
the head will be Hypermorph and the 
arms and legs Hypomorph. Then again 
the ears will be of one type and the 
nose and body of another, and so on. 
There are also blends and fusions of many 
degrees, making an almost interminable 
variety of forms. The Hypomorph an 
Hypermorph are the extremes, and they 
are selected with more care than the 
Mesomorph, because among the Meso- 
morphs are included mixed and mosaic 
forms. 

III. TYPES OF THE WHITE RACE 

Aristotle (50) taught that “The first 
principles are fire, air, water and earth, 
for from them are formed all living things 
and the productions of the earth: they 
are therefore called elements,” but Aris- 
totle also said “In general it is silly to 
rely on a single sign: you will have more 
reason for confidence in your conclusions 
when you find several signs all pointing 
the same way.” Hippocrates (i) used 
the temperaments throughout his prac- 
tice, and considered the different charac- 
ters of the races of man as the result of 
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.environment. The strongest natural 
causes of variability in man were the 
seasons, then the coimm", and the waters, 
according to Hippocrates. Both he and 
Galen <aught that the different kinds of 
moisture in man’s body, phlegm, blood, 
choler and melancholy, as they predomi- 
nate.^etermine the temper of the mind, 
exact balance of the four humors 
a justly constituted man, and 
allows for the undisturbed processes of 
digestion and assimilation.” The School 
of Salerno (40) which flourished during 
the crusades wms a Mecca for great phy- 
sicians as well as celebrated patients and 
taught the four temperaments of Hip- 
pocrates. Albrecht Diirer depicts the 
four temperaments in the form of four 
apostles, and they have been variously 
represented by other great artists. 

The temperaments as depicted by Al- 
brecht Diirer, and as taught at the School 
of Salerno, based upon the four elements 
of Aristotle, air, earth, fire, and water 
and upon the four humors of Hippocrates 
-blood, black bile, yellow bile and phlegm, 
and known as the sanguine, melancholic, 
choleric, and phlegmatic, may not be 
generally accepted; and the rheumatic, 
catarrhal, phthisical and plethoric di- 
atheses may have a greater significance, 
but doubtless all of these four categories 
in relation to man refer to four races 
that may have been recognized early in 
the history of Europe. The fiery Spaniard 
or other Mediterranean people may repre- 
sent the choleric temperament, the Nor- 
dic the sanguine, the Celts were phleg- 
matic, “fair and white,” while the Al- 
pines were both “swart and colly,” dark 
and melancholy. The races may have 
been more distinct in the time of Hippo- 
crates than at present, because at present 
mosaics and blends are numerous and 
even the four races are not distinct. One 
may select the four races from a large 


group, but they will show great varia- 
bility. 

An investigation of students was made 
at the University of Michigan in 1906, 
and this was followed by a similar study 
at Tulane University in 1913, and since 
then at the University of Virginia. 
Nearly x,ooo students were measured and 
examined. An attempt was made to 
select from these the ones that confomied 
to the four races, with the results as given 
in table 8. 

The approximate proportions of dif- 
ferent nationalities in the ancestry from 
casual memory of the students was: 
English 37 per cent, German ii per cent, 
Scotch 10 per cent, Dutch S per cent, 
French 5 per cent, and the remainder 
scattering over many nations. The class 
standing in the Freshman year was: 
Celt about 85, and Alpine, Nordic and 
Mediterranean about 75. 

The important findings from this study 
are that only about 60 per cent of all the 
students could be considered as belonging 
to the four races, and there is great varia- 
bility so that each group is hardly an 
entity, but a conglomerate of variables. 
The four races represent only two mor- 
phologic forms because the Nordic and 
Mediterranean are very much alike ex- 
cept in pigmentation, as are the Celt and 
Alpine. The remaining 40 per cent of 
the students present so many mixtures, 
blends and mosaics that it was almost 
impossible to classify them with the four 
races, but they could be fairly well 
grouped into the two morphologic forms. 

Measurements of school children and 
Old Americans (49) were made later, — the 
Old Americans during the past few years, 
— and averages from these measurements 
may be seen in tables 6 and 7. Each 
person was grouped as a Mesomorph or 
as a Hypermorph, although a more strik- 
ing difference might have been revealed 
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if rhey had been grouped as the Fili- 
pinos were, into two, small, extreme 
groups and a large intermediate one. 
Two sets of people were utilized for the 
tables,— about 1,500 school children of 
Ann Arbor, Michigan, and about 2., 000 
Old Americans (49) recently measured 
in Virginia. Only the British-American 
children of Ann Arbor, and only the most 
recently examined Old Americans of 
Virginia w^ere used. The two groups 


morph Filipino comes close to that of 
the Mesomorph White. 

The sitting height (tables 6 and 7) is 
in general greater in the Hyperniorph 
than in the Mesomorph but the di Terence 
is not so great as in the stature. The 
difference between the Filipino and 
American White is slight exceptJj^Jie 
adult. ^ 

The leg length (tables 6 and \ s 
greater in the Hypermorph than in the 


TABLE S 


Characters of the four Europan races 


CHARACTERS 

NORDIC 

MEDITERR.\NEAN 

ALPINE 

CELT 

Average 

Variability 

Average 

Variability 

Average 

Variability 

Average 

Variability 

Male 

Body: 

j 

1 








Weight 

66. 3K 

±7.3 

63.1 

±7.1 

63.1 

±7.1 

65.9 

±6.7 

Per cent pigment 

35-4 

dzii .7 

87. 1 

±11 4 

84.5 

±9.9 

37.1 

±11.5 

Stature 

174.4 

± 5-4 

170.8 

±5.8 

169.4 

±5.0 

174.6 

±3.1 

Chest circumference 

SS.o 

=i= 5-4 

86.0 

± 5.1 

87.4 

±5.4 

87.8 

±4 9 

Head: 









Length 

19.9 

±0.6 

19.8 

±0.7 

19.1 

±0.7 

19.1 

±0.7 

Breadth 

15.5 

±0.4 

15.5 

±0.4 

16.0 

±0.5 

16. 1 

±0.5 « 

Cephalic index j 

76.5 

±1.5 

76.8 


81.4 

±1.3 

83.6 

±1.1 


Female 


Body : 





Weight 

53-4 

5^-4 

47. 8 

53-0 

Per cent pigment 

31.S i 

q 

A 

00 

91.0 

15.0 

Stature 

163.0 

158. 8 

157.0 

161.0 

Chest circumference 

1 

78.5 : 

75-0 

73-7 

79.0 


are fairly comparable although only in 
the Old Americans was the ancestry for 
two generations obtained. 

The stature as given in tables 6 and 7 
is greater at all ages in the Hypermorph 
than in the Mesomorph, and the dif- 
ference is greater in the adult than in the 
children, and greater in the male than in 
the female. The stature of the American 
Whites is greater than that of the Fili- 
pinos, although the stature of the Hyper- 


Mesomorph, and the difference is con- 
siderable in both sexes at all ages. 

The leg length index (tables 6 and 7) 
is extremely different in the two types 
especially in the adult. This index 
shows that the hypermorph has long legs 
and the Mesomorph short ones with the 
sitting height reversed, the Hypermorph 
short and the Mesomorph long. 

More than .40 charts have been prepared 
of measurements and indices of the vari- 
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^OLis parts of the body, and they all show 
dilferences between the Hypermorp-h and 
Mesomorph, some of which have already 
been ,£^iven in this paper. Some of the 

TABLE 9 


AcUijl measurements of typed Hyper morph and 
morpb persons of the White Race 



HYPHRMORPH 

MnSOMORPH 




2 

3 

Character: 

Stature 

172.. I 

166 6 

iSo.o 

163 3 

Sitting height 

89. S 

87. 6 

95 7 

SS 6 

Leg length 

S1.3 

79 0 

i^ 4-3 

74 7 

Arm length 

80.1 

73 I 

7S-3 

69 7 

Acromion height 

M 3 -5 

141 .0 

150 S 

136.1 

Head length 

19.5 

19 5 

10 0 

19.7 

Head breadth 

15.1 

13.6 

14. s 

M 3 

Head height 

M -4 

13 5 

133 

14. 1 

Hand length 

10.5 

17 7 

19.5 

17. 1 

Hand breadth 

S.5 

7 -S 

9.1 

7 9 

Nose length 

5-9 

5-7 

5 3 

4.9 

Nose breadth 

3-3 

3 0 

4 -^ 

3 7 

Ear length 

6 I 

6.0 

7 0 

6.3 

Ear breadth 

3 

3.6 

4-4 

3.6 

ndices: 

Sitting height 

Stature 

Sitting height 

51.0 

109.0 

51.5 

110.5 

53.1 

114.0 

54-3 

118.0 

Leg length 

Sitting height 

Ill.O 


12.1.0 

117.0 

Arm length 

Head breadth 

77.5 

69 8 

74.0 

71.6 

Head length 

Hand breadth 

Hand length 

42-3 

1 

44.0 

46.7 

46.1 

Nose breadth 

Nose length 

55-9 

51.5 

77-3 

75-5 

Ear breadth 

59.0 

60.0 

63 0 

60.3 

Ear length 



differences are presented in table 9 as 
they appear in typical individuals. 

The characters show the differences 
between the types except for the head 
and ear. The cephalic and ear indices 


are the least reliable of all characters in 
the dilTerentiation of types. The nasal 
index is probably the best indicator of 
type. It is to be noted that the Hyper- 
morph male is smaller than the Meso- 
moi'ph. This is because an extreme 
Hypermorph was selected. The extreme 
Hypermoq^h is more slender than the 
normal Hypermorph and is also smaller, 
and the stature is much less in the most 
extreme cases. 

Illustrations of the Hypermorph type 
are presented in figures 17, iS, 11, 11, 
17 and iS, and of the Mesomorph type in 
figures 19, 10, 13, 14, 15, and 16. The 
differences that have already been de- 
scribed are obvious. 

There is a pathological form that has 
been called Mongolian Idiot or Mongol, 
a better term for which w^ould be Mongo- 
loid Dwarf, w^hich occurs in all of the 
three races, ^\"hite, Black and Yellow- 
Browm, and has some of the characteris- 
tics of the Hypomorph. This type is 
illustrated in figures 19 and 30. Crook- 
shank (16) has tried to prove for them 
inheritance from Mongolians ^vho came 
into Europe at an earlier period. It is 
possible that it may be a form that is 
being eliminated by a lethal factor. 
Mongoloid Dwarfs usually die young, are 
extremely susceptible to acute infections, 
and all the tissues seem to be defective 
and deficient. A table (table 10) of 
some of the characters of the Mongoloid 
Dw^arf is given to show that they are 
Hypomorph. 

IV, DISCUSSION 

Human types may be discussed under 
three heads, racial types, morphologic 
or anatomic types and physiologic types. 

The definition of a Race has been con- 
ceived in divers ways, at different times, 
by various men. That of de Quatrefages 
(19b) is one of the oldest and best. 
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Fig. 2.5. Front View of an American Man of British Ancestry of the Mesomorph Type. Fig. 16 . 
Side \ iew of the Same. Fig. 17. Front View of a Spaniard of the Extreme Hypermorph Type. 
Fig. 2.8. Side View of the Same. Fig. 2.5. Front View of a Mongoloid Dwarf of the White Race. 
Fig. 30. Side View of the Same. 
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TABLE lo 

Measuhmenfs of a Pyfkal Mongoloid Dwarf woman, aged 
2S^ and man, aged 28 



lEMALE 

1 £A 1 E 

Character: 



Stature 

139-9 

146.3 

Sitting height 

81. 1 ‘ 

83.6 

Leg length 

58.8 ' 

61.7 

Arm length 

58,0 

59-3 

Acromion height 

I16.8 ■ 

110.3 

Head length 

16.7 1 

16.8 

Head breadth 

M -3 i 

15.1 

Head height 

I 2.-7 ^ 

13-3 

Nose length 

4-7 

4.7 

Nose breadth 

3-5 

3-4 

Ear length 

4-7 

6.0 

Ear breadth 

3-3 

3.4 

Indices : 



Sitting height 

58.0 


Stature 


57 * ^ 

Sitting height 

T 77 8 

133.5 

Leg length 

X37.O 

Sitting height 

135.1 

141.0 

Arm length 

Head breadth 

85.6 


Head length 

57.8 

Nose breadth 



Nose length 

74.6 

71.3 

Ear breadth 



Ear length 

70.4 

58.3 


A Species is a group of individuals, more or less 
resembling each other, that are descended, or that 
ought to be regarded as having descended, from a 
single primitive pair by a natural and uninterrupted 
succession of families. 

A Variety is an individual or group of individuals' 
pertaining to the same sexual generation, that is 
distinguished from other representatives of the same 
species by several exceptional characters. 

A Kace is a great group of people who have had 
the same origin; who have spread over a large area 
of the earth; and who resemble one another in a great 
many stable characters. 

A Race is therefore only part of a broken up Species. 

Ho o ton (44) has within the year de- 
fined a Race as “a great division of man- 
Hnd, the members of which, though 
individually varying, are characterized 


as a group by a certain combination of 
morphological and metrical features, 
principally non-adaptive, which have 
been derived from their common descent.’* 
He then gives a list of characters that 
are principally non-adaptive. Some of 
these are subject to sexual selection and 
should be omitted. Other characters 
that are modifiable and may be remodified 
might be added. Then we would have 
as the best differential characters the 
following: Hair form, sutural patterns, 
postglenoid tubercle, pharyngeal fossa 
or tubercle, form of incisor teeth, form of 
the vertebral border of the scapula, 
supracondyloid process or foramen, the 
crural and brachial indices, bowing of 
the radius and ulna, nasal index, hard 
palate, height of head, volume of brain, 
proportions of thorax, relative length and 
angle of the heel bone, and size and de- 
velopment of the calf muscles. To these 
might be added the form of the external 
ear, and of the nose, and the hand index, 
although there may be some objection 
to them, as being either modifiable or 
sex selected. I agree with Hooton that 
this list offers a good working basis, 
and that his definition of a Race is a good 
one. 

De Quatrefages (a^b) divided man into 
three races, White, Black and Yellow, 
with the Oceanic and American as mixed 
races; not that color is the most impor- 
tant character that differentiates them, 
but that it is easily seen and understood. 
Haddon (39) uses terms of hair form to 
distinguish the three races; this is a 
better differential character than the 
skin color. Hrdlicka groups the Oceanic 
and American peoples with the Yellow 
race as the Yellow-Browns, and this is 
justified because of their origin, although 
a large Negro element is to be found in 
Oceania, and also in southern Asia. 

According to Hooton (39) a race is a 
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“great division of mankind/' therefore 
he may exclude all but the three great 
races of man. Other peoples such as 
the Australians, Amos, and Eskimos 
are remnants or fragments of man who 
have been isolated under peculiar condi- 
tions and have inbred more or less until 
they have in small numbers become quite 
homogeneous. Groups of a similar kind 
exist in a more or less isolated condition 
and may be segregated as Sergi (61) 
segregated the Mediterranean Race, or 
Peake (57) the Prospector type, or Ranke 
the Big-cerebellum-box-headed-Bavarian, 
or as the type of Beddoe, of Deniker (19), 
of Ripley (59), of Dixon (30), and of a 
great many others have been segregated. 

Sergi (61) distinguishes many types of 
skulls as Mediterranean by an elaborate 
classification and with laborious perse- 
verance, and some verity. He was the 
first to establish the Mediterranean Race 
(?) as a distinct entity, yet there are many 
characters besides those of the skull that 
have been utilized to differentiate this 
race. 

Peake (57) describes the Prospector 
type in such a way as to resemble a specia- 
lized Alpine stock similar to the Adriatic 
of Deniker, — tall, heavy, broad, dark, 
a leader in business and probably wealthy. 

The Big-cerebellum-box-headed-Bavar- 
ian of Ranke as described by Beddoe 
speaks for itself. 

Deniker (19) divided Europeans into 
six types or as he called them, races, 
and four sub-races: i) Nordic and Sub- 
Nordic; 2.) Eastern, the same as the Celt 
above, and Sub-Eastern or Vistulian; 3) 
Ibcro-Insular or Mediterranean, or Homo 
meridiondh; 4) Western, Cevenole or Al- 
pine, also called Celtic, Celto-Slav, Rhc- 
tian, Ligurian, or Cclto-Ligurian; 5) 
Littoral, Atlanto-Mediterranean, or Cro- 
Magnon, and Sub-Littoral or Northwest- 
ern; 6) and Adriatic or Dinaric, and 


Sub- Adriatic similar to the Sub-Nordic, 
although semi-Alpine. The Littoral is an 
enlarged Mediterranean or a modified Cro- 
Magnon, and the Sub-Littoral is a mixture 
of Nordic and Mediterranean. The Adria- 
tic is an enlarged Alpine type, and the 
Sub-Adriatic is a mixture of the Alpine 
and Nordic. This is one of the best 
classifications of the types of Europe," 
but it takes in several local varieties. 
More types could be added, or the types 
could be grouped into fewer varieties. 

The work of Ripley (59) is exhaustive 
and very good because it confined itself 
to the few fundamental types that may be 
distinguished, and located them in a 
general way. The Alpine, Nordic and 
Mediterranean represent at least recog- 
nizable types, but Ripley shows too 
much or too little. Too much stress is 
laid on cephalic Index, stature and pig- 
mentation. Too little stress is laid on 
non-adaptive characters. All the people 
of Europe are not Alpine, Nordic or 
Mediterranean. Many varieties are to 
be found. Nor will all the varieties to- 
gether include all the people. 

Other methods than those used by 
Ripley and Deniker must be utilized to 
get at the true conditions. On the 
strength of this, when I first examined 
the students at the University of Michi- 
gan, and later the students in Manila, at 
the University of the Philippines, I 
grouped them as if they were polyhy- 
brids resulting from a cross of two dif- 
ferent stocks. I obtained eight forms 
that showed almost the same percentage 
proportions as those obtained by Price 
and Drinkard upon the crossing of the 
Yellow Pear with the Honor Bright 
Tomato, and almost the theoretical re- 
quirements for a Mendelian trihybrid. 

This method was discarded because it 
was inadequate to explain all types, and 
because too few characters could be used. 
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Dixon (30) has recently applied the same 
method to a study of the distribution of 
human types from a few factors of skull 
form. There is a great deal of truth in 
his results, some of his types are entities, 
but not enough characters were used; 
his material was inadequate; and he did 
not select non-adaptive characters. After 
we have learned more about the intricate 
details of Mendelian inheritance we may 
hope by the use of proper methods, 
proper characters and studies through three 
or more generations of living men to at- 
tain satisfactory results. 

Gunther (38) has recently classified the 
races of Germany as Northern or Nordic, 
Western or Mediterranean, Eastern or 
Alpine, and Dinaric. The physiognomy 
of the Dinaric is striking and more or 
less uniform in his numerous illustrations, 
but the type seems to be similar to the 
Littoral of Deniker, and Deniker calls 
his Littoral type Dinaric. The head is 
short and high like the Armenoid head 
and some artificial deformation is sug- 
gested by its appearance. 

The evolution of man from the Nean- 
derthal form that existed in Europe about 
30,000 years ago is being more surely 
traced as new discoveries are made. 
Scattered forms throughout Europe, such 
as the Spy skeletons (47), the Chancelede 
skeleton (56), Aurignacian forms C47), 
the Krapina finds (36), and more recently 
the discoveries in Bohemia (51) and 
Moravia (63) which have not yet been 
fully worked over and completely de- 
scribed, give assurance that these forms 
continued to our day in modified condi- 
tion, changing through the Brno, Briix, 
Combc-Capelle, Cro-Magnon and later 
types into the modem types of Europe 

(70)- 

Hrdli^ka has repeatedly called atten- 
tion to this in his public and private 
lectures. Man has evolved in masses 


and in isolated groups, with modifica- 
tions of one kind or another, into multi- 
ple forms in Europe. In some places 
the primitive forms have been retained 
more or less modified as in some of the 
islands of Denmark (64) where Neandcr- 
thaloid forms have been measured in 
anthropometric surveys. In other places 
the forms have become extremely dif- 
ferent from the original, as in the trans- 
formations from the Combe-Capelle type 
to the small, slender stock, as traced and 
described by Fleure (32.) in Wales and 
Ireland. Some of the Combe-Capelie 
stock has remained Jess modified than 
others, producing what has been called 
the Old Black Breed of Scotland, Ireland 
and Wales. 

There has been a gradual change in the 
different continental and coast areas that 
makes the interior peoples of Europe 
different from the coast peoples. The 
heavy, stocky kind of the interior is 
different from the small slender kind of 
the coast. Thus we have the Mesomorph 
and the Hypermorph respectively. 

Montelius (55) traces the present stock 
of Nordics in Sweden to the prehistoric 
form found there 10,000 years or more 
before our time, and probably derived 
from a form similar to the Cro-Magnon in 
France. There is evidence of the per- 
sistence of the Cro-Magnon (2.9a) in 
France , today in Dordogne where dis- 
harmonic types may be seen (59). No 
doubt this type spread in western Europe 
becoming modified with changing condi- 
tions. The same stock spread into Asia, 
and the Steppe folk of Peake belong to 
this stock. 

Hrdlicka (48) concludes from a study 
of the peopling of Asia that the earliest 
people were Negritos from Africa; the 
next stock was the “Australoid” from a 
form in Europe like the Aurignacian and 
late paleolithic; the rest of the popula- 
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tion came from the west, northwest, 
and north, spreading in waves with sub- 
sequent mixture. This population gradu- 
ally spread over the whole of Asia and 
out into the seas, across Japan, and over 
variable practicable routes to America, 
some of it from the Pacific Islands, some 
through Alaska. The Negro and Negrito 
are from the old Mediterranean and Euro- 
pean stock at an earlier period than the 
movement into Asia, probably early 
Neanderthal, and as they moved through 
Africa they developed into the big Negro 
and the little Negrito. The earliest 
known cradle of humanity was in Western 
Europe. My own conclusions have been 
practically the same from a study of the 
living, although carried out independ- 
ently and in a different way. 

It would appear that a big and a little 
stock are apt to develop from the same 
original, as the Cro-Magnon and the 
Combe-Capelle, the Nordic and the 
Mediterranean, Then other forms come 
from these. The round heads seem to 
come from the long heads. The long 
headed Negroes produced the round 
headed Negritos, the long headed Euro- 
peans produced the broad headed. The 
Nordic produced the Celt, the Littoral 
produced the Alpine, and the Mediter- 
ranean has produced a small, broad headed, 
short nosed, short faced stock that is fre- 
quently confused with the Alpine. The 
broad heads of Mugem, Furfooz, and 
other places may be Mediterranean rather 
than Alpine. 

Harold Peake (57) has recently traced 
the Bronze Sword and Iron Sword people 
through Europe from about 4000 B.C. 
almost to our era. About 4000 B.C. 
Alpine peoples occupied the mountains 
of central Europe, coming originally 
from Asia Minor, and Nordic-Steppe 
folk mounted on horses were driving 
cattle from pasture to pasture over steppe, 


and through forest. About 3000 B.C.^ 
a drought caused some of the steppe 
folk to emigrate and they reached the 
Baltic, Belgium, Switzerland and Hun- 
gary. This was followed by other emi- 
grations. The first emigrants had leaf- 
shaped bronze swords, and as they con- 
quered they mixed with the Alpines pro- 
ducing a Celtic stock that was partly"^ 
blond. They conquered nearly all of 
Europe except the Iberian peninsula. 
Later the Iron Sword people of the same 
Nordic-Steppe stock conquered almost 
all of Europe, but not Scandinavia or 
Britain. The Nordic-Steppe people were 
like the Kurgan builders of Russia, the 
people of the Row Graves in Germany, 
not unlike the Scandinavian Nordic type 
and the Vikings, similar to a modified 
form of the Cro-Magnon, and may have 
had some part in forming the Littoral, 
Adriatic, and Dinaric types. A stock 
similar to this has been found among the 
Himalayas, as in the Sikhs, and among 
the American Indians. Stocks like the 
Turks as they were originally, and some 
of the eastern African peoples were much 
like these steppe folk. They may be 
called the Conquering Race because they 
moved from place to place conquering as 
they went. Measurements of two per- 
sons derived from that stock as found at 
present in America are given in table ii. 

The Conquering Race is of the Hyper- 
morph type and may be blond or brunette. 
They are not the extreme Hypermorph 
which is small and slender and also blonde 
or brunette. More of the extreme Hyper- 
morphs in America are brunette than 
blond and more of the Hypermorphs are 
blond than brunette. 

The characters of the Conquering Race 
are like those of the Caspian Race of 
Dixon (30) and there is evidence of a 
distribution of the living similar to that 
found by him in studying the skeletal 
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remains. The stock was tall, large 
boned, long limbed, long headed, large 
faced, and big nosed. The7 became more 
slender, and their physiognomy changed 
in Euri)pe. They spread over Europe in 
the late paleolithic period, and from the 

TABLE II 


Actual mjasurments of a man and woman of the Conquer- 
ing Race now living in America 



MAXE 

EEltALE 

Character: | 



Stature 

183.0 

I7I.3 

Sitting height 1 

95-0 

85.6 

Leg length 

88.0 

81.7 

Arm length 

87.0 

78.5 

Acromion height 

154.0 

145.7 

Head length 

2.0.0 

15.5 

Head breadth 

15. 1 

15.0 

Head height 

14.4 

14.8 

Hand length 

19.6 

19.0 

Hand breadth 

9-3 

8.3 

Nose length 

6.Z 

5-5 

Nose breadth 

3.1 

3*7 

Ear length 

5.8 

5.8 

Indices: 



Sitting height 

51.0 

52.-3 

Stature 

Sitting height 



Leg length 



Sitting height 

115.2 

113.0 

Arm length 

Head breadth 



Head length 

75*5 

75-3 

Hand breadth 



Hand length 

47.8 

43.6 

Nose breadth 



Nose length 

50.0 

1 67.3 

Ear breadth 




6z.o 

60.0 

Ear length 




steppes of Asia they came back into 
Europe. They went north through 
Siberia to America, and south to the 
Himalayas and the Pacific, some going in- 
to eastern Africa. Their primary charac- 
ters have been retained more or less in 
America, the Himalayas, eastern Africa, 


and remote places, but in Europe they 
have become altered. Their color is 
black in Africa, grayish yellow in Asia 
and America, and blond or brunette in 
Europe. This type is closely related to 
the small, slender Mediterranean type 
and together they form the most distinct 
part of the Hypermorph type in Europe, 
as the xAlpine forms the most distinct 
part of the Mesomorph type. 

Having discussed at some length the 
conditions of race we may now present a 
few of the conditions of type or anatomic 
form. Stratz (65) divided man into 
three groups, Protomorph or nature folk, 
Afchimorphs or highly differentiated 
peoples, and Metamorphs or mixed stocks. 
The Protomorphs comprise the Australian, 
Papuan, Hottentot, American Indian, 
Eskimo, Philippine Negrito, and the 
Negrillo. As some of these are mixed 
the classification is not consistent. The 
Archimorphs are the white, the black 
and the yellow. We come back to the 
same classification as that of the races. 

Manouvrier (54) was the first to show 
that two European types exist. He 
called these the Brachysk 61 e and Macro- 
sk 61 e with the Mesatiskele in between. 
The Brachysk 61 e is broad in every hori- 
zontal measurement, and short in every 
vertical measurement, but especially in the 
extremities; and the Macroskele is nar- 
row in every horizontal measurement 
and long in every vertical one. 

Godin (34) extended the work of 
Manouvrier on the adult in his own in- 
vestigations on children, and showed 
that the differences increase with age. 
The chief difference is in the leg length 
in relation to sitting height, or sitting 
height index. The BrachyskHe has rela- 
tively short legs and the Macrosk<^le 
relatively long ones. The Brachyskele 
and Macroskele, as selected, represent 
only the two extremes of the population. 
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By such a selection greater differences 
might be shown than by taking each per- 
son as was done in tables 6 and 7 for the 
Mesomorph and Hypermorph. The lat- 
ter represent the same types as the other 
two above. 

Goldthwait (35) in the Shattuck Lec- 
ture for 1915 discussed the types of the 
White race, dividing them into Broad- 
back and Narrow-back. He found that 
the Broad-back was inclined to certain 
diseases more than the Narrow-back, 
and the latter to certain other diseases 
more than the Broad-back. The Broad- 
back and the Narrow-back are the same as 
the Mesomorph and Hypermorph and 
the BrachyskHe and Macroskele respec- 
tively. 

Treves (67) studied 100 species of ani- 
mals in relation to the evolution of the 
intestinal canal, and concluded that the 
evolution of different species depends 
largely upon food environment. He di- 
vided them into carnivore, with short 
intestine, and herbivore, with long in- 
testine. The same condition applies to 
man where the long lean kind has a 
short intestine and the broad stocky kind 
has a long intestine. 

Bryant (ii) (2.2.) took up this work 
and from a study of autopsies and the 
dietary relations suggested more than 
ICO differences between the two types, 
— anatomical, physiological, chemical 
and pathological. There can be no doubt 
of the value of such work in relation 
to diagnosis, treatment and prognosis of 
disease. 

Stockard (66) suggests the names 
Lateral and Linear for two types that are 
the same as the Mesomorph and Hyper- 
morph, and suggests that the former is 
low thyroid and the latter high thyroid. 
The distribution of the types seems to 
make the suggestion plausible because 
the Mesomorph is found in continental 


interiors and the Hypermorph along the 
coast. Lack of iodine in the interior and 
presence of iodine in sea water and sea 
food may account for the differences 
between the types, at least for the most 
striking differences. One cannot exclude 
other factors such as food, climate and 
habits. The short intestine of the Hyper- 
morph may be the result of concentrated 
food, and the long intestine of the Meso- 
morph the result of coarse food of great 
bulk. The infantile condition of the 
Hypomorph may be the result of the ad- 
verse environment of arctic and tropic 
regions. 

Draper (31) has studied man in relation 
to disease by reversing the usual anthro- 
pometric method of approach. He 
measured the individuals who had cer- 
tain definite diseases such as tuberculosis, 
gastric ulcer, gall bladder infection and 
pernicious anemia. The result was to 
find a gall bladder type, a gastric ulcer 
type, and so on. The gall bladder 
people in general represent the “sthenic, 
lateral, or breitwuchs” type and the 
ulcer cases the “asthenic, linear, or 
hochwuchs” type. “The ulcer people can 
never raise their ponderal index above a 
certain low figure.” The ponderal con- 
dition of overweight in the gall bladder 
cases undoubtedly represents a constitu- 
tional factor. “The noses of gall bladder 
people are large in both length and 
breadth,” whereas “the asthma and tuber- 
culosis people have long thin noses.” 
“The ulcer and tuberculosis people have 
very flat chests, while the gall bladder 
and pernicious anemia people have deep 
ones.” “The lateral thoracic diameter 
of the gall bladder people is the greatest. 
The male pemicous anemia people show 
the next largest. The tuberculosis and 
ulcer people have the narrowest chests 
among the females, and the nephritis 
hypertension group have the smallest 
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lateral thoracic diameter among the 
males. There is a sexual difference in 
other ways that will be noted later. 
The tuberculosis and ulcer group in 
general have flat and narrow chests and 
the pernicious anemia and gall bladder 
people have wide and deep chests. The 
gall bladder and pernicious anemia people 
have short broad hands, but the tuber- 
culosis, nephritis, and ulcer folk have 
long narrow hands. The pelvis is broad- 
est in the gall bladder and pernicious ane- 
mia people, and the asthma and tuber- 
culosis people have narrow pelves. The 
above is taken practically verbatim from 
Draper. It may be seen that the people 
who have tuberculosis and ulcer have 
characteristics of the Hypermorph where- 
as those with pernicious anemia and gall 
bladder troubles are decidedly of the 
Mesomorph type. In previous studies 
(ii), (12.), (13) 0^ several thousand cases 
the author showed that tuberculosis and 
ulcer occur almost entirely in the Hyper- 
morph type, and gall bladder troubles 
more frequently in the Mesomorph. Not 
enough cases of pernicious anemia were 
studied to decide to what type they 
belong. 

Draper brought out some interesting 
sexual relations in disease and type. 
“The male and female of the nephritis 
hypertension people approach one another 
in their absolute measurements,” but 
“there are only two measurements in the 
whole series in ail the diseases that show 
practically no sex difference,” “The 
tuberculosis and ulcer people show great 
differences in point of size in their ab- 
solute measurements. But the two sexes 
are built in practically identical propor- 
tions.” In some cases the sex characters 
seem to be suppressed, in others they are 
paramount. 

The physiological aspects of human 
types are bound up in diathesis, consti- 


tution, habitus, temperament and the 
like. The corset makers of a previous 
generation had considerable knowledge 
of human types. There was a small 
slender and a tali slender form, a small 
stocky and a tall stocky form, a form 
like a pyramid and another like an in- 
verted pyramid, a form like an inverted 
pyramid with the base of a normal 
pyramid opposed to it, or big in the 
middle and small at each end, and finally 
the opposite of the last, a form large at 
both ends and small in the middle. The 
first two of these types are Hypermorph 
and the next two Mesomorph. The 
other four types are not so common and 
represent mosaics. 

Among the first to call attention to four 
physiological types are Chaillou (xq) 
and his coworkcr Mac-Auliffe (X5), al- 
though they give the credit to Sigaud 
(6x) who originated the terms respiratory, 
digestive, muscular, and cerebral types. 
They also call attention to the work of 
Tricolet (68) on four similar types. These 
types have become well recognized and 
are utilized in medical clinics, therefore a 
few words about each may not be out of 
place. 

Muscular typ. The face is rectangular, 
vertical in front, no prognathism, and 
the distance from the top of the forehead 
to the glabella, from the glabella to the 
nasal spine, and from the latter to the chin 
are equal. These three parts of the face 
differ in the other types. The upper 
part is large in the cerebral type, the 
middle part in the respiratory, and the 
lower part in the digestive. The nose 
in the muscular type is straight or sinu- 
ous, high and somewhat rectangular. 
The neck is broad, well filled with muscle, 
but not necessarily short. The shoulders 
are horizontal as are the clavicles and 
acromion processes. The iliac crests arc 
not very wide, but the costal angle is 
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about 8o®. The profile of the trunk is 
convex in front and straight behind. 
The extremities are usually long, and the 
muscles are strongly developed. There 
are several sub-types of the Muscular, 
a Long and a Short, a Musculo-cerebral, 
a Musculo-respiratory, and a Musculo- 
digestive. The type makes up about 40 
per cent of the population. 

The Cerebral typ appears in about 14 
per cent of the people, and is the rarest 
of ail the types, and represents the prod- 
uct of civilization. It occurs more 
often in late Egypt than in early Egypt 
(46). It is increasing in those places 
where civilization is advancing. The 
type is characterized by a small and 
slender body, a large and rounded head, 
remarkably developed upper face and 
reduced lower face. The frontal and 
parietal bosses of the cranium are well 
developed, the side view is spheroidal 
with a high auriculo-bregmatic diameter. 
The index is hyperbrachycephalic. The 
trunk is slender, the extremities short, 
the hands and feet small. There are 
mixed types as for the muscular. 

The Respratory type occurs in about 
30 per cent of people. The middle part 
of the face is extremely well developed, 
the nose long, the maxillary bone large, 
the malar bones prominent, ail the ac- 
cessory sinuses of the nose including the 
mastoid are large. The eyes are far apart 
because of the large size of the nasal 
cavity, and the orbits are well separated. 
There is superior prognathism because of 
the large size of the maxillary bones. 
The face is lozenge-shaped because of its 
large size in the middle. The cranium 
is mcsocephalic more than in the muscu- 
lar type. The neck is long and well 
filled especially about the larynx which 
is large, with a prominent Adam’s apple. 
The thorax is long and large, and the 
abdomen reduced by the size of the thorax, 


which reaches nearly to the iliac crests. 
All the muscles of respiration are well 
developed, but those of the extremities 
are not. The persons are usually thin. 
The joints are not rough and prominent 
as in the muscular type nor are they small 
and graceful as in the digestive type. In 
the female they are specimens of grace and 
beauty, tall, delicately molded, with an 
oval face; they represent the Raphael 
and Leonardo de Vinci types. The 
Respiratory-cerebral types are common, 
but the Respiratory-digestive are rare 
and the Respiratory-muscular not un- 
common. 

The Digestive type is not common al- 
though present in about lo per cent of 
the people. The outstanding charac- 
teristics are the large lower face, huge 
jaws and extremely ponderous abdomen. 
The mandible and zygoma are unusually 
well developed, and the teeth are large, 
regular and well formed. As age ad- 
vances the double or triple chin becomes 
evident, fat accumulates about the buc- 
cinator muscles, the masticators, and the 
parotid gland about the ear, and this 
part of the face seems monstrous, and 
even raises the lobule of the ear and ex- 
tends it forward. In spite of appearances 
the trunk is small. Its form is that of 
a cylinder slightly flattened in front and 
behind. A pad of fat covers it. The 
size of the abdomen reduces the size of 
the thorax considerably, making it short. 
The extremities are very long, the shoul- 
ders broad, the reach much greater than 
the stature. Mixed types are common, 
and the Digestive-muscular type is a 
veritable giant in some cases. 

Bauer (5) follows the types of Sigaud 
and attempts to correlate their predis- 
position to diseases. 

Other types have been added to these. 
Bach (x) (3) has shown a Wrestling type 
that appears distinctive after studying 85 
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measurements, indices and percentage re- 
lations of each person. This type is 
built like an inverted pyramid with a 
ball, the head, on top of the base. The 
shoulders are exceptionally broad, as is 
the thorax. The type is tail and heavy, 
and the muscles of the chest, arms, shoul- 
ders and neck are unusually well developed. 

• The Digestive type, called Pykniker 
by the Germans, has also wide shoulders 
but compared with the Wrestler the dif- 
ference is great. Thirty-three profes- 
sional wrestlers, 95 amateur wrestlers, 
3,457 German gymnasts, 710 students and 
33 Pyknikers were compared. Taken in 
the above order the stature was found to 
be as follows: 177.3 cm., 169.1, 169.2., 
171.5, and 167.9,* weight, 104.5 

68.1, 64.5, 61.6, 73.9; the chest circum- 

ference, 117.4 cm., 98.7, 93.7, 88.1, 
100.1; the abdominal circumference, 
104.8 cm., 79.7, 76.1, . . . 91.4; the 

shoulder breadth, 41.5 cm., 39.7, 38.9, 

38.1, 38.3; the hip breadth, 34.5 cm., 
19.4, 18.9, 18.8, 30.5; and the upper arm 
circumference, 37.1 cm., 30.5, 18.4. 

Henckel (41) (41) tries to correlate 
Habitus, Constitution and Race, but 
finds considerable difficulty and little 
correlation. The Alpine and the Py- 
kniker types correspond somewhat, the 
Nordic and the Leptoprosomic types are 
somewhat similar, and he includes the 
Cerebral and Respiratory under the latter 
but the Sanguine type and the Schizo- 
phrenic are minus and plus respectively in 
head measurements. The Nordic has 
head length and breadth and cephalic 
index extremely different from any other 
type. The curves of the measurements of 
the Pykniker and Sanguine types are 
parallel, as are also those of the Muscular 
and Schizophrenic. The Leptoprosomic 
are susceptible to tuberculosis and the 
muscular and digestive are susceptible 
to aortitis and kidney disease. The 


Leptoprosomic including the Cerebral 
and Respiratory types are Hypermorphs, 
and the Muscular and Digestive arc 
Mesomorph. The Pykniker and Manic- 
depressive types are related. Asthenic 
types should be called Leptoprosomic, or 
Linear, and they are the reverse of the 
Apoplectic according to Paulsen. 

Viola (69) and Frassetto (33) Castaldi 
and Vannucci (13) follow the types as 
called Linear and Lateral by Stockard 
and Hypermorph and Mesomorph by 
Bean, to which they add a type between 
the others called the Normal returning 
to the same types that Manouvrier and 
Godin found. Frassetto still further di- 
vides the types into Microsplanchnic, 
Mesosplanchnic and Macrosplanchnic, 
under which he includes Microcephalic, 
Mesocephalic and Macrocephaiic; and 
he still further subdivides these into 
Micromelic, Mesomelic and Macromelic, 
making 17 varieties in each of the three 
forms. Surely this does not exhaust the 
possibilities of type forms. They arc 
much more numerous and their name is 
legion! 

Mills (54b) has divided man into six 
types by the topography of the thorax 
and abdomen, hypersthenic (very stocky), 
hypersthenic-sthenic, sthenic, sthenic- 
hyposthenic, and hyposthenic (very long 
slender trunks). These may very readily 
be grouped into three by taking the two 
extremes, with all the others as intermedi- 
ate. 

Bardeen (4) has produced several mas- 
terly monographs on body build in relation 
to development, in which he concludes 
that judgment of build from height-weight 
index is greatly helped if we have some 
means of estimating relative length of 
lower extremities and relative adiposity. 
‘'Relative length of limbs may be most 
simply estimated from sitting-height as 
compared with stature. Relative adi- 
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posity may be most simply estimated from 
the relative circumference of the abdo- 
men, or better from its relative antero- 
posterior diameter, since adiposity makes 
itself most clearly manifest here/* He 
also concludes that the height-weight 
index is influenced by post-natal morpho- 
genesis, sex, inherited individual or racial 
peculiarities, and peculiarities of struc- 
ture due to habits of living or environ- 
ment. Later he develops curves and for- 
mulae for working out the relative sitting 
height for comparison in different race, 
sex and age or other groups which may be 
of service in future race and type studies. 

Davenport (i8) from exhaustive studies 
of the inheritance of body build draws 
many interesting conclusions. The index 
of build is best expressed by the ratio of 
chest diameter to stature, or as that is 
rarely known, by chest circumference to 
stature. When only weight is known the 
best index is weight: (stature)^. The 
index is 1.51 for males and 1.43 for females. 
There arc marked racial variations in 
build; there are also geographical dif- 
ferences; but the ontogenetic differences 
exceed these. The heavy build of the 
infant corresponds to that of the short- 
legged anthropoids, and the long-legged, 
slender build of the boy of it. years per- 
sists in the Nilotic negroes and many low- 
grade feeble-minded. Changes in build 
vary with families. The polygon of mass 
numbers is skew in the direction of slen- 
derness. Diseases of the slender build 
are tuberculosis, pneumonia, “nervous- 
ness," melancholia; of the fleshy build, 
diabetes, nephritis, dropsy, apoplexy, 
arterio-sclerosis, and paralysis following. 
Genetic build is controlled by multiple 
factors. Slender parents have slender 
children only, fleshy parents have both 
kinds. Hereditary factors probably -work 
through the endocrine system. The num- 
ber of factors involved in fleshy build 


varies from i to 4 or more. The factor 
influence the functioning of the thyroid 
pituitary and perhaps other glands. 

Czekanowski (zy) uses a four dimen 
sional chart by which four character 
may be shown graphically, and with thij 
proceeds to clear up some of the types o. 
Baden and Sweden. The Mcditerrancai 
type of Baden is not the small Ibero 
insular, but the tall Atlanto-Meditcr- 
ranean. Red hair is a variant of blond, 
The Alpine type in Sweden is taller that 
any other there except the Nordic. The 
Alpine type is associated with gray eyes 
and brown hair in Baden and in Sweden. 

Pearl (58) has produced several books oc 
human biology of great interest and im- 
portance, but his work is not directly 
related to human types. It would be well 
to know if the incidence of death from 
organic heart disease and the influenza 
death rate both occurred in the Meso- 
morph. Also it would be of interest to 
know why influenza and tuberculosis 
are not so intimately associated as the 
other two diseases, particularly as tuber- 
culosis is prone to strike the Hyper- 
morph. The death rates of Sao Paulo on 
the one hand, — ^mesodermal 3.8 and 
endo-epithelial 6.z, — and the United States, 
England and Wales on the other, — ^meso- 
dermal 4.5 and endo-epithelial lo.o, — 
may be the result of a larger proportion of 
the Hypermorph in the Sao Paulo people 
who come largely from the Mediterranean 
stock. 

Naccarati and Garrett have developed 
a “morphologic index" by dividing the 
length of one leg plus the length of one 
arm by the volume of the trunk. This 
gives skeletal extremity length and soft 
tissue volume as factors incompletely. 
They derive various conclusions as to 
temperament, intelligence, and physique 
from their results. 

The whole question of physiologic 
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t^cs hinges upon anatomic form, and 
this is inextricably bound up with race. 
With so many workers in the field there 
is hope of unravelling the threads. 

V. SUMMARY 

The evidence from human fossils in 
Europe points to the continuance of man 
there from the Mousterian period to the 
present day. Evidence from skeletal re- 
mains and from a study of living man in- 
dicates that the Black Race developed 
from the late Neanderthal forms that 
moved over from Europe into Africa and 
changed into the big Negro and the little 
Negrito; and that early “Australoid" 
forms moved eastward from Europe into 
southern Asia and the Pacific, followed 
by later forms of the Paleolithic and 
Neolithic periods, who came into Asia 
from the north and west. These con- 
tinued from time to time over into America 
to produce the American Indian. Thus 
the Yellow-Brown race was formed. 

There have been changes as the result 
of selection differing with locality. The 
interior continental peoples have remained 
somewhat like the original forms and 
are Mesomorph in type. The coast 
peoples have become smaller and slen- 
derer and represent the Hypermorph. 
Under adverse living conditions the Hy- 
pomorph has evolved with a retention 
of the infantile condition. 

It would seem that in Europe the Alpine 
is somewhat of a myth, the Nordic also 
and the Mediterranean. Likewise many 
variants under other names are more or 
less myths. A part of the population 
about the Baltic is tall, blond and long- 
headed, but many other forms are found 
about the Baltic and so it is about the 
Mediterranean and in interior continental 
Europe. 

Many synonyms may be used to ex- 
press about the same condition or type. 


Broad-back, transverse, lateral, herbiv- 
orous, digestive, pykniker, muscular, 
apoplectic, plethoric, phlegmatic, lym- 
phatic, Brachyskele and Mesomorph mean 
about the same thing and so do narrow- 
back, linear, leptoprosomic, carnivorous, 
sanguine, respiratory, cerebral, nervous, 
phthisic, cachetic, choleric, Macrosk6Ie 
and Hypermorph. The Mesomorph and 
H3rpermorph mean more ontogenetically, 
phylogenetically and anatomically. 

VI. GENERAL CONCLUSIONS 

I. The types of the three great races of 
man have been classified chiefly by their 
car form and nose type, but all other 
available characters have been utilized, 
especially the stature, sitting height and 
leg length. 

a. Descriptions and illustrations have 
been given of the three types, Hypomorph, 
Mesomorph, and Hypermorph, although 
it is recognized that the descriptions fit 
only typical individuals. Other persons 
arc more or less like one type or another. 
Variability is found in the form of blends, 
mixtures and mosaics. 

3. The types are related in a general 
way to historic and prehistoric groups 
of men. The Whites are only of the 
Hypermorph and Mesomorph types; the 
Yellow-Browns are of the Hypermorph, 
Mesomorph and Hypomorph types; 
whereas the Blacks are only of the Meso- 
morph and Hypomorph types. The 
Blacks are in some ways more difierent 
from the remainder of mankind than 
are any other people. The most extreme 
anatomic forms of man arc the Negrillo 
and the extreme form of Mediterranean 
Hypermorph. 

4. Development seems to be from a 
more or less Hypomorph stage through 
the Mesomorph to the Hypermorph, 
whereas evolution seems to have been 
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from the massive Mesomorph to the 
extreme Hypermorph on the one hand 
and the extreme Hypomorph on the other. 
Evolution in the future is apt to come 
out of the three great masses of men. 
White, Black and Yellow-Brovm, leaving 
aside small extraneous groups or fragments 
of mankind. 

5. From previous studies (9) (ii) (la) 
(13), it was shown that the Efitheli(h 
fath represents the abnormal Hyper- 
morph and is susceptible to diseases of 
the structures derived from the embryonic 
ectoderm and entoderm, such as skin, 
nervous system and alimentary canal. 
They are also susceptible to chronic 
diseases such as tuberculosis of the lungs, 
cancer, pellagra, leprosy and other dis- 
eases of malnutrition. The Mesoder- 
mofath represents the abnormal Meso- 
morph and is susceptible to diseases of 
the tissues derived from embryonic meso- 
derm, such as heart and kidneys, arteries 


and veins, joints and muscles. They 
also susceptible to such acute diseases 
as pneumonia and typhoid fever. There 
is a question as to whether there are func- 
tional e'^ithelio^aths and mesodemopaths 
or not. There may be changes in the 
soft tissues during the life of a person so 
that the diathesis may become^ for in- 
stance, either plethoric or phthisic. The 
plethoric may resemble the Mesomorph 
and the phthisic may resemble the Hypo- 
morph. Further studies should be made 
to determine whether the Mesomorph 
may become phthisic or the Hypermorph 
plethoric. 

Thanks are due Professor Johnstone, 
Director of the Vineland Training School, 
for materials, measurements and photo- 
graphs some of which were used in this 
paper and thanks are also due to those 
who so kindly allowed their photographs 
to be used. 
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I. introduction 

P ARASITOLOGY is a subject of 
interest to students of various 
branches of biology. It is 
taught in the zoology depart- 
ments of many colleges and universities 
and in medical schools, especially in 
schools of tropical medicine. Investi- 
gations in this held are carried on prin- 
cipally by zoologists and medical men. 
Zoologists who are interested in parasi- 
tology usually direct their attention 
primarily to the parasite, whereas most 
medical men tend to emphasize the reac- 
tions of the host. The zoological parasi- 
tologist, for the most part, is concerned 
with morphology, systematics, and life- 
history studies, and the medical para- 
sitologist with symptomatology, pathol- 
ogy and therapeutics. Only when these 
two phases of the subject are brought 
together and when the aspects of the 
subject peculiar to public health activi- 
ties arc added is a complete program 
realized; then parasitology becomes the 
Biology of Host-Parasite Relationships. 

The following discussion of the biology 
of host-parasite relationships is limited to 
the parasitic protozoa because that is 
the group of disease-producing organisms 
with which the writer is most familiar. 
Probably every species of animal serves 
as a host to one or more species of proto- 
zoa peculiar to itself and these arc so 
varied in their host-parasite relationships 
that it becomes necessary to further limit 


our program to a small group of parasites 
that live in one species of host— man — 
referring where it seems advisable to 
related species in loTvcr animals. The 
relations of the spirochetes to the bacteria 
and protozoa are still obscure; considera- 
tion of the spirochetes is, therefore, 
omitted here. 

One who studies protozoa soon comes 
to realize that there is no essential dif- 
ference between free-living species and 
parasitic species; both types must main- 
tain themselves in their environment and 
must provide by reproduction for the 
maintenance of the race. Species living 
on or within other animals or plants 
usually exist among relatively more 
limited and stable surroundings and are 
more rigidly adapted to one type of en- 
vironment than are free-living species. 
Both parasite and host, however, are 
variable and must be adjusted to each 
other, thus offering opportunities for the 
study of the reciprocal influences of 
organisms. Furthermore, parasites and 
hosts may, in many cases, be separated and 
studied apart from each other; this in- 
volves experimental procedure without 
which progress along the lines suggested 
in our program becomes impossible. 

Those who have not interested them- 
selves particularly in parasitology may 
not be familiar with some of the terms in 
common use; to these the following defi- 
nitions may be of value. It is perhaps 
desirable first to distinguish between 
parasitism and predatism. A parasite 
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is an organism that lives on or in and at 
the expense of another organism without 
immediately destroying it. A predaceous 
animal also lives at the expense of 
other animals but kills them directly and 
devours them. There are in nature a 
continuous series of intermediate stages 
between parasitism on the one hand and 
predatism on the other. 

The term symbiosis was proposed by 
deBary in 1879 for the constant, intimate 
and mutually beneficial association of two 
organisms. Etymologically, symbiosis 
means simply “living together” and 
hence should include parasitism, mutual- 
ism, commensalism and all other types of 
consociation, but the term now implies the 
permanent association of two specifically 
distinct organisms so dependent on each 
other that life apart is impossible. When 
the association is less intimate but each 
partner benefits the other the term mutual- 
ism is sometimes employed. The terms 
commensalism and inquilinism are often 
used for still looser associations. Com- 
mensalism is applied to the regular as- 
sociation of two definite species of or- 
ganisms which “eat together at the same 
table” but not at each other’s expense. 
Very similar in meaning is inquilinism, 
which is used to describe the condition 
where one animal lives with another as a 
cotenant but usually not at its expense. 

The origin of these various types of 
association is, of course, not definitely 
known, but can be inferred without 
much difficulty because of the existence 
of a large number of intermediate stages. 


That they have arisen many timeses 
indicated by their wide distribution 
among the phyla in the animal kingdom. 
The evolution of parasitism is one of the 
most interesting of all biological pL oblems 
and, as has been pointed out by several 
writers, parasites offer particularly favora- 
ble material for the study o^he course 
of evolution, since parasites undoubtedly 
originated from free-living organisms 
from which they have become differen- 
tiated by a sort of superimposed evolu- 
tion, and in many cases the free-living 
ancestors of these parasites still exist. 

One very striking effect of the parasitic 
habit is that generally called degradation. 
This term implies that the parasite has 
degenerated, but although some of the 
parts of the parasite undergo degenera- 
tion, others become more highly devel- 
oped. It seems better therefore to speak 
of the parasitic condition as a specializa- 
tion rather than a degradation or regres- 
sion, especially since most parasites arc 
marvelously adapted to their mode of life. 

II. PROTOZOA LIVING IN MAN 

Each of the four classes of the protozoa 
includes species that live in man; these 
are represented by drawings on Plates i 
to 3 and referred to by number below. 
To the Class Sarcodina belong six species 
of amoebae, Endamoeba gingivdis (fig. 5) 
in the mouth, and Endamoeba coU (figs. 
2.a, ib), Endamoeba histolytica (figs. la, ib), 
EndoUmax nana (figs. 3a, 3b), lodamoeha 
wilUamsi (figs. 4a, 4b), and Dientamoeba 
fragilis (fig. 6) in the large intestine. 


PLATE I 

Amobbab Livin& iisr Man 
(All figures magnified about zooo diameters.) 

la and ib. Endamoeba histolytica. la, tropbozoite. ib, cyst. (After Dobell.) 
zaandzb. Endamoeba coli. za, trophozoite, ib, cyst. (After Dobell.) 

3a and 3b. EndoUmax nana. 3a, trophozoite. 3b, cyst. (After Taliaferro and Becker.) 

4a and 4b. lodamoeba wilUamsi. 4a, trophozoite. 4b, cyst. (After Taliaferro and Becker.) 

5. Endamoeba giniivalis. (After Dobell.) 

6. Dientamoeba fragilis. (After Taliaferro and Becker.) 
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. Class Mastigophora contains two 
groups, six species of hemoflagellates and 
dght species of intestinal flagellates. 
Hhe hemoflagellates are Trypanosoma gam- 
hienseTpag. i8) and T. rhodesiense (fig. 19), 
the organisms of African sleeping sick- 
ness; T. cru^i (fig. 2.0), that causes Chagas’ 
disease South America; Le'ishmania 
Ionov anl (fig. ii), the organism of kala- 
izar; L. tropica (fig. 12.), the etiological 
ngent of oriental sore; and L. americana 
;^fig. 13), the causative agent of uta or 
A.merican leishmaniosis in South America. 
The so-called intestinal flagellates in- 
:lude Giardia lamhlia (figs. 13a, 13b), 
in inhabitant of the duodenum; Chilo- 
mastix mesnili (figs. loa, lob), Emhado- 
monas mtestinalis (figs, iia, iib), Tricer- 
:omonas mtestinalis (figs, iia, iib), 
Enter omonas hominis (fig. 14), Trichomonas 
hominis (fig. 9), which live in the large 
intestine; Trichomonas buccalis (fig. 8), an 
inhabitant of the mouth; and T. vagmalis 
i^fig. 7) which occurs in the vagina. 

The Class Sporozoa is represented by 
:hree species of coccidia, Isospora hominis 
i^fig. 15), Eimeria wenyoni (Eg. 16), and 
E. Qxyspora (fig. 17), which penetrate into 
:he intestinal epithelium (there is some 
loubt regarding the validity of the last 
:wo species); three species of malarial 
parasites, Plasmodium vivax (fig. 2.6a, b, c), 
:he organism of tertian malaria, P. ma- 
\ariae (Eg. b, c), of quartan malaria, 
md P. falciparum (Eg. 2.8a, b, c), of es- 
;ivo-autumnal malaria, all of which in- 
radered blood corpuscles; and one species 
A muscle parasite of the genus Sarcocystis 
^ 5 )- 

Only one species of the Class Infusoria 
s known with absolute certainty to be a 
parasite of man; this is the ciliate Balan- 
Idium coli (fig. xq), which lives in the 
arge intestine and gives rise sometimes 
:o balantidial dysentery. Besides these 
fight groups, which are recognized by all 


protozoologists, there is a long list of 
protozoa that have been described from 
man about the authenticity of which there 
is still some doubt. 

Each species of protozoon is rather 
definitely limited to a certain region of the 
body — organ or tissue. How this locali- 
zation is brought about can only be con- 
jectured. It may be noted, however, 
that in most cases the parasites live where 
their offspring can easily escape from the 
host or where they are likely to be in- 
gested by intermediate hosts. Most of 
the species enumerated above live in the 
digestive tract; this is true of all of the 
amoebae, coccidia, and intestinal flagel- 
lates and of Balantidium coli; nine species 
are blood-inhabiting hemoflagellates and 
hemosporidia; one species occurs in the 
vagina and one in muscle. The species 
of the genus Sarcocystis that have been 
reported rarely in the muscle of man 
are probably accidental parasites that, 
through some peculiar circumstances, are 
rarely able to initiate an infection; but no 
chance exists of their offspring escaping 
from the host. 

III. EPIDEMIOLOGY OF TRANSMISSION 

r. Infective stage 

Perhaps the most satisfactory point 
at which to begin the study of the biology 
of host-parasite relationships is the in- 
fective stage of the parasite. The or- 
ganisms during the period of the infective 
stage may be well protected by the host, 
as in malaria, in which case the infective 
sporozoites are inoculated directly into 
the blood of man by a mosquito, but 
usually are subjected to various environ- 
mental factors from the time they escape 
from the body until they gain entrance 
into a new host. The idea maintained 
by many of the older authorities that 
disease-producing organisms may multi- 
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ply outside of the host and bring about 
foci of infection in soil or water has been 
abandoned since it has been abundantly 
proved that very little if any increase in 
numbers occurs under these conditions. 

The malarial organism, for example, 
which was at one time supposed to pass 
part of its existence in the waters of ponds 
and streams is now known to lack a free- 
living existence entirely. The environ- 
ment of the intermediate host, however, 
has an influence on the development of 
the infective sporozoites of the malarial 
plasmodium since the organism in the 
mosquito does not continue normal 
growth and differentiation if the tem- 
perature is too low or too high and each 
species of malarial organism has its own 
optimum temperature. Similar factors 
are also involved in the life-cycles of 
blood-inhabiting protozoa that are in- 
sect borne. 

Unlike the hematozoa, which are com- 
paratively few in number, most of the 
disease-producing protozoa of man es- 
cape from the body in a cyst-like condi- 
tion and spend part of their life-cycle 
outside of the host. The problems en- 
countered during this period are extremely 
serious and very few of the organisms 
survive the vicissitudes of a free-living 
existence. The two principal problems 
encountered by the parasites are (i) that 
of withstanding the factors in their new 


environment and (x) that of developing 
to the infective stage. The first problem 
is particularly difficult for protozoa such^ 
as the intestinal flagellate, Trichomonas^ 
hominis (fig. 9), that do not form re^stant 
cysts but pass from one host to another 
in the active, trophozoite stage. These 
trophozoites can exist only liquid 
medium and are presumably very sus- 
ceptible to modifications of temperature, 
to chemical changes in the environment 
and to mechanical injury. Most proto- 
zoa, however, are protected by one or 
more resistant walls secreted by the or- 
ganism, which help prevent loss of water; 
keep out injurious substances; and guard 
against molar agents. The terms applied 
to these resistant bodies are “cyst” (fig. 
ib) in the case of intestinal amoebae, 
flagellates and ciliates, and “oocyst” 
(fig. 15) in the coccidia. 

In most cases, probably no develop- 
ment occurs within the cysts after they 
escape from the body. Thus in the dy- 
sentery amoeba, Endamoeba histolytica^ 
cysts with from one to four nuclei (fig. ib) 
pass out with the feces, but the uninuclear 
and binuclear immature cysts do not de- 
velop further and die more quickly than 
do the quadrinucleate, mature cysts 
(Dobell, 1919). The oocysts of coccidia, 
on the other hand, continue their develop- 
ment if discharged when still immature. 
The oocyst of the most common human 


PLATE 1 

Flagellates (Figs. 7 to 14) and Coccidia (Figs. 15 to 17) Living in Man 

(AJJ figures of flagellates magnified about xooo diameters and of coccidia about 1600 diameters.) 

7. Trichomonas vaginalis, (After Hegner.) 

S. Trichomonas huccalis. (After Goodey and Wellings.) 

9. Trichomonas hominis. (After Faust.) 

10a and lob. Chilomastix mesnili. loa, trophozoite. lob, cyst. (loa, after Boeck; lob, after Kofoid and 
Swezy.) 

iia and iib. Emhadomonas intestinalis. iia, trophozoite, iib, cyst. (After Hegner.) 

iia and lab. Tricercomonas intestinalis, ixa, trophozoite. lab, cyst. (After Wenyon and O’Connor.) 

13a and 13b. Giardia lamblia. 13a, trophozoite. 13b, cyst. (After Simon.) 

14. Enteromonas hominis. (After Fonseca.) 

15. Is os-pora hominis. (After Dobell.) 

16. Eimeria wenyoni. (After Wenyon.) 

17. Eimeria oxyspora. (After Dobell.) 
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species, Isospora hominis, is still in a unicel- 
lular condition when it escapes from the 
"body. Its protoplasm then divides into 
j-wo sporobiasts which become spores by 
secreting resistant walls about themselves. 
Four sporo2oites are then formed within 
each spore (hg. 15) (Wenyon, 1915). 
PresumaMy not until these sporozoites 
are fully developed does the oocyst be- 
come infective. 

It seems clear from the evidence availa- 
ble (i) that no foci of infection of disease- 
producing protozoa exist outside of the 
host and (2.) that in the majority of cases 
certain stages are already infective when 
they escape from the body and all other 
stages including trophozoites and im- 
mature cysts die outside of the host. 

2. Avenues of infection 

Reaching and invading a new host is 
perhaps the most serious problem in the 
entire life-cycle of a parasitic protozoon 
so far as the maintenance of the species 
is concerned. Only the smallest fraction 
of the total number of infective organisms 
can possibly reach a susceptible animal 
in which to live, and only the almost 
inconceivable fecundity of the parasites 
prevents the various species from dying 
out. In the most simple cases the infec- 
tive stage of the parasite is ingested with 
the food or drink of the proper host. The 
parasite is passively carried in the medium 
by which it is surrounded and it is the 
behavior of the host that leads to inva- 
sion. This is the contaminative method 
of parasite transmission. Laboratory ex- 
periments, mostly with lower animals, 
have established this as an effective 
method and there is no other obvious 
way in which infective cysts in nature 
can obtain entrance to the host. 

Cysts remain alive only a few days in 
undiluted feces, but may live for a con- 
siderable period when kept in water. 


Thus Boeck (1911) found that washed 
cysts of the intestinal flagellate, Giardia 
lambUa (fig. 13b), lived over two months 
and those of Chilomastix mesnili (fig. lob) 
over seven months. These cysts as well 
as those of certain intestinal amoebae 
are able to withstand temperatures con- 
siderably higher than those normally 
encountered in nature. The problem of 
the parasite is to reach the mouth of the 
host before death results from dr^fing, 
bacterial action, or starv^ation within the 
cyst. A moist warm climate is therefore 
favorable for transmission. Unsanitary 
conditions due to neglect on the part of 
the host are also favorable since this leads 
to the pollution of drinking water, milk 
and other food substances. Flies proba- 
bly play an important role in the distri- 
bution of the cysts of intestinal protozoa. 
Root (1911) and others have shown that 
these cysts may remain alive for a con- 
siderable period within the intestine of 
the fly, e.g., those of Giardia lamhlia (fig. 
13b) at least Z4 hours, and may be de- 
posited in a living condition as early as 
40 minutes after the fly has fed on con- 
taminated material. In general it may 
be said that transmission by the contami- 
native method is more easily effected in 
rural than in urban communities, and in 
the tropics than in the temperate regions. 

There are three other principal methods 
of reaching a new host. These are (i) 
by “contagion” or direct transference 
from definitive host to definitive host, 
(2.) by inoculation through the agency 
of an intermediate host, and (3) by “in- 
heritance.” The “hereditary” method 
of transmission does not occur so far as 
I know in any protozoon living in man; 
but takes place in a number of parasites of 
lower animals. For example, the micro- 
sporidion, Nosema homhycis, that causes 
pebrine in France and gattina in Italy, 
invades the eggs within the ovaries as 
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well as other tissues of infected silkworms 
and the spores germinate in the larvae 
that hatch from these eggs; the young 
silkworms thus “inherit” the infection. 
In a similar manner the hemosporidion, 
Piroplasma higemina, that causes Texas 
fever in cattle, is transmitted from the 
intermediate host, usually a tick of the 
genus Boophilm, to its offspring through 
the egg. 

The direct or contagious method of 
transmission may be brought about in 
various ways. Among human protozoa 
the amoeba, Endamoeba gingivalis (fig. 5) 
and the flagellate, Trichomonas haccalis 
(fig. 8), that live in the mouth, no doubt 
are transferred directly from one host to 
another by kissing. The flagellate, Tri- 
chomonas vaginalis (fig. 7), which is ap- 
parently widespread among women and 
has been recorded from the urinary tract 
of man, is probably distributed daring 
coitus. The high incidence of infection 
by these flagellates is not generally real- 
ized. Trichomonas vaginalis, for example, 
was found by the writer (Hegner, 132-5) 
in vaginal smears from exactly 50 per 
cent of the women examined at hospitals 
in Honduras and Costa Rica in the sum- 
mer of 192.4. These organisms might 
almost be considered ectoparasites since 
they do not penetrate into the body tis- 


sues. Among the lower animals direct 
contact is responsible for the transmis- 
sion of certain endoparasites; for example, 
the hemoflagellate, Trypanosoma e^uiperdjii^^ 
which lives in the blood of horses in 
various parts of the world and causes a 
disease known as dourine is transferred 
from one host to another thro-ugh the 
mucous membranes during coitus. 

Inoculation by an intermediate host is 
a very common method of transmission 
and involves the most complicated be- 
havior on the part of host, intermediate 
host and parasite. In malaria, for ex- 
ample, only the females of certain species 
of mosquitoes become infected; these 
must suck up the blood of malaria patients 
and do not usually become infected un- 
less this blood contains at least twelve 
sexual parasites (gametocytes) per cubic 
millimeter; the external temperature must 
not go beyond certain limits, as noted 
above, or the life-cycle within the mos- 
quito is not completed; the mosquito 
must protect itself from numerous dangers 
in its environment for from 8 to 18 days 
depending on the temperature and species 
of parasite before the infective stage, 
the sporozoite, is reached; then if a sus- 
ceptible host chances to be abroad after 
dusk or at dawn or is unprotected by 
netting during the night and an infective 


PLATE 

Hemoplagellates and Sporozoa Living in Man 

(AIJ magnified about 2.000 diameters except no. Z4, about 700, and no. 15 magnification unknown.) 
iS. Trypanosoma gamb wise. (After Hegner and Taliaferro.) 

19. Trypanosoma rhodesiense. (After Hegner and Taliaferro.) 

xo. Trypanosoma cruxj; flagellate stage and leishmania stage. (After Hegner and Taliaferro.) 

II. Leishmania domvani; flagellate stage and leishmania stage. (After Hegner and Taliaferro.) 

XX. Leishmania tropica; flagellate stage. (After Row.) 

13. Leishmania americana; leishmania stage. (After Row.) 

14. Balantidium coli. (After Hegner and Tali^erro.) 

X5 . Sarcocystis, (After Baraban and Saint-Remy.) 

16 to x8. Malaria parasites within human red blood corpuscles. 

x6. Blasmoitum vivax of tertian malaria, a, schizont; b, merozoite formation; r, garaetocyte. (After Heg- 
ner, Cort and Root.) 

X7. Plasmodium malariae of quartan malaria, a, schizont; b, merozoite formation; c, gametocyte. (After 
Hegner, Cort and Root.) 

x8. Plasmodium falciparum of aestivo-autumnal malaria, a, schizont; b, merozoite formation; r, gametocyte. 
(After Hegner, Cort and Root.) 
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mosquito chances to encounter him, 
sporozoites are inoculated during the 
three or four minutes occupied by the 
mosquito in getting a meal of blood. 
The conditions of successful transmission 
in this case seem so complicated that it is 
surprising that malaria can continue to 
exist; nevertheless it is today economi- 
cally the most important of all diseases 
in tropical and semitropical countries. 

Other human diseases, the protozoan 
organisms of which are transmitted by 
inoculation, are African sleeping sickness, 
due to trypanosome flagellates (figs. i8, 
19) and spread by tsetse flies; Chagas’ 
disease of South America, due also to 
trypanosome flagellates (fig. ao) and 
carried by bugs of the genus Triatoma, 
and possibly kala-azar (fig. 11) and other 
leishmanioses, the method of transmis- 
sion of which is still unknown. Many 
of the protozoan parasites of lower ani- 
mals are also transmitted by the inocula- 
tive method, the relations of host and 
parasite in each case being usually as 
complicated as in human malaria and of 
almost infinite variety. 

IV. HOST-PARASITE RELATIONSHIPS DURING 

A NATURAL INFECTION 

The term natural infection is used here 
to designate an infection in nature during 
which the parasite is able to pass through 
its life-cycle successfully and provide 
infective stages for the invasion of a new 
host or intermediate host. In contrast 
to natural infections, are conditions that 
result from the invasion of hosts that 
may be called foreign, refractory, acci- 
dental or casual, — terms that are fully 
explained below under the subheading 
Host-Parasite Specificity. 

I. The course of infection 

a. Parasitological -periods (see text figure^. 
(a) The Prepatent Period extends from the 


time the infective parasites enter the 
body of the host until their offspring can 
be recovered by the usual laboratory 
methods. The length of this period 
obviously depends to some extent on the 
character of the laboratory technique 
employed. 

(b) The Patent Period covers the interval 
during which the parasites can be dem- 
onstrated by microscopical technique. 
The parasite number undergoes a RJse 
during this period, reaches a Peak and 
then suffers a Fall. The patent period 
ends when the parasites can no longer be 
found in the blood, feces, etc. 

(c) In many infections the patent period 
is followed by a Suhpatent Period of indefi- 
nite length. During this period parasites 
can not be recovered by the usual labora- 
tory methods but their presence can be 
proved in various ways depending on the 
species of parasite. For example, proto- 
zoan cysts may disappear from the stools 
but reappear after a few days, weeks or 
months have elapsed; and malarial para- 
sites may no longer be demonstrable in 
the blood of a host but may again be- 
come evident during a subsequent re- 
lapse. In bird malaria the subpatent 
period may extend over several years, i.e., 
from the end of the acute attack until 
the death of the bird; during all this time 
parasites cannot be found in the blood 
by the usual technique, but their pres- 
ence can be demonstrated by inoculating 
some of the blood into a fresh bird, in 
which an acute attack develops. 

The subpatent period may be followed 
by a second patent period during which 
the parasite number rises, reaches a peak, 
and falls but often does not rise as high 
as in the primary attack. 

b. Clinical periods (see text figure'). 
(a) The Incubation Period extends from the 
time of the entrance of the parasites until 
symptoms appear. This period is usually 
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longer than the prepatent period, but 
may be shorter. For example, in cats 
infected with the coccidion, Isospora felis, 
diarrheic symptoms appear before oocysts 
are recoverable in the feces. As indi- 
cated in the text figure the number of 
parasites usually increases considerably 
before symptoms become evident. The 
curves as given probably do not represent 
actual conditions in any specific protozoan 
infection but are meant to indicate that 


symptoms disappear, but later with -the 
recovery of the host. 

(d) In diseases characterized by re- 
lapses one or more Launt Periods may be 
present. During these periods the causa- 
tive organisms are too few in number to 
bring about symptoms, but after intervals, 
of indefinite length, some change occurs 
in parasite or host or in both that results 
in an increase in parasite number and a 
reappearance of symptoms. 



Tkis illustration is intended to represent b7 means of curves the parasitological and clinical periods in the 
course of infections with pathogenic protozoa. It represents in a general diagrammatic way the coune of 
natural infections, consisting of a primary attack followed by apparent recovery of the host. This completes 
both the parasitological and clinical manifestations of disease in cases such as oriental sore in which one 
attack gives immunity. In other diseases, however, such as amoebic dysentery and malaria, the primary 
attack is often followed by a symptomlcss period when the parasites are latent. Eventually the parasite number 
again increases, symptoms reappear and the host is said to suffer a relapse. The terms used are fully desaibed 
in the text. 

(I am indebted to the members of my Seminary in Protozoology and especially to Dr. Justin M. Andrews for 
various suggestions in preparing this diagram.) 


in general the increase in parasite number 
precedes the appearance of symptoms and 
that increases and decreases in the severity 
of the symptoms follow the rise and fall 
in parasite number. 

(b) The Period of Sjmpoms begins when 
the incubation period ends and ends of 
course with the cessation of symptoms. 

(c) The Convalescent Period is repre- 
sented as beginning at the point of maxi- 
mum symptoms. It ends, not when the 


(e) The reappearance of symptoms fol- 
lowing a latent period is known as the 
Period of Relafse. 

a. Distribution and localisation of prasites 
within the host 

a. Distribution, As already noted pro- 
tozoan parasites may gain entrance to 
their natural hosts by way of the mouth 
in contaminated food or drink, by direct 
contact, by inoculation through an inter- 
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ine 4 iate host and hy '‘inheritance.’' The 
distribution of the protozoa after the^ 
enter the body is at first due almost en- 
tirely to the activities of the host and is 
determined by the point and method of 
entrance. Blood-inhabiting species, such 
as malarial organisms and trypanosomes, 
are rapidly carried to all parts of the body 
in the blood stream; intestinal-inhabiting 
species are transported with the food 
through the esophagus and stomach and 
into the intestine. Species that are trans- 
mitted by contact remain usually in the 
region of entrance, e.g., in the mouth 
or genital cavities. 

b. Primary siU of infection. Different 
species of protozoan parasites become 
localized in different organs, tissues or 
cells of the body depending on various 
factors- Certain parts of the body are 
more frequently affected than others, 
e.g., the blood and intestine, a fact that 
is probably vitally associated with the 
necessity of the offspring to escape from 
the host. The parasites may be (i) 
coclozoic, i.e., localized in cavities, such 
as the digestive tract, coelom or body 
cavity, blood or lymph spaces, and genito- 
urinary cavities, or (0 histozoic, i.e., 
within the tissues, where they may live 
among the cells (intercellular), within 
the cells (intracellular or cytozoic), and 
even within the nuclei (intranuclear). 
The factors that are responsible for locali- 
zation are not well known. The para- 
sites arc subjected to various conditions 
in their environment just as free-living 
protozoa are in theirs; they must protect 
themselves from injurious agents, such as 
secretions and excretions; must reach a 
location where the proper nutriment 
is available; must possess some means of 
fixing themselves in a favorable situation; 
and must be able to carry on reproductive 
processes. 

Certain intestinal flagellates of man 


arc of particular interest for purposes of 
illustration (Hegncr, 1913). The optimum 
habitaj: of Giardia lamhUa (fig. 13a) seems 
to be the lumen of the duodenum whereas 
that of Trichomonas hominis (fig- 9) is the 
lumen of the large intestine. The con- 
tents of the duodenum arc mostly steiile 
and consist of products of digestion that 
pass through from the stomach to the 
jejunum and of various secretions from the 
stomach, liver, pancreas and intestinal 
wail. Giardia has no mouth and docs not 
ingest solid particles of food and, so far 
as is known, does not destroy the tissues 
of the host; its nutriment is absorbed 
through the surface of the body. Just 
what part of the material by which it is 
surrounded is utilized has not been deter- 
mined. All inhabitants of the small 
intestine must maintain their positions 
against the action of peristalsis. Giardia 
is able to do this because of the presence 
of a sucker-like disc with which it fastens 
itself to the surface of the epithelial cells. 
Spaces among the intestinal villi are also 
of value since they furnish a haven where 
downward currents are less pronounced. 
Trichomonas, on the other hand, never 
occurs in the duodenum, unless it is just 
passing through, and is seldom encoun- 
tered in the jejunum or ileum; its favorite 
habitat is the large intestine and espe- 
cially the cecum. Experiments carried on 
by the writer with the trichomonads of 
rats (Hegner, 1915) indicate that these 
flagellates, as well as the species (Tricho- 
monas hominis') that occurs in man, infect 
new hosts in the active, trophozoite 
stage and are carried through the mouth, 
esophagus, stomach and small intestine 
and into the large intestine unharmed and 
still able to set up a new infection. Thus 
when rats were fed milk containing active 
specimens and killed and examined within 
from one-half hour to two hours later, it 
was found in one case that the flagellates 



THE QUARTERLY REVIEW OF BIOLOGY 


had passed through 780 mm. of intestine 
and had reached the cecum within one-half 
an hour. The experiments indicat^^d that 
the trichomonads are unable to maintain 
themselves against the action of peristal- 
sis but are carried directly to the large 
intestine; here they find conditions such 
that they are able to swim against the 
slow movement of material toward the 
outside, especially when they get into 
the eddy-like contents of the cecum. 
There is some evidence that movement of 
the trichomonads is partially inhibited 
in the stomach and anterior portion of 
the small intestine, but regained as the 
large intestine is approached. In the 
large intestine nutritive conditions are 
favorable since Trichmonas has a mouth 
and may ingest solid food particles which 
are present there in abundance. 

Localization among tissue parasites 
offers many problems that are still un- 
solved. What factors influence the sporo- 
zoites of malaria to attack the red blood 
cells, and those of the coccidia to attack 
the epithelial cells of the intestine? What 
causes Endamosha histolytica (fig. la) and 
Balantidium coli (fig. 2.4) to penetrate the 
intestinal wall, whereas Endamoeha coli 
(fig, la) and Endolimax nana (fig. 3a), 
which are also inhabitants of the intestine 
do not? It may safely be said, that we 
really know almost nothing about the 
mechanism of localization of any human 
protozoon. 

c. Secondary sites of infection. Many pro- 
tozoa become localized in a particular 
organ or tissue and do not spread to other 
parts of the body. A few, however, 
bring about secondary foci of infection 
in other regions. This requires in the 
first place either movement on the part of 
the parasite from one place to another or 
activities within the host that passively 
transport the parasite to new situations. 
The circulatory system of the host is the 


most important distributing agency. 
For example, the dysentery amoeba 
Endamoeha histolytica (fig. la), sets up a 
primary infection in the large intestine; 
specimens may enter the blood stream in 
the capillaries of the intestinal wall and 
are carried to all parts of the body; fre- 
quently the liver becomes a secondary 
site of infection and an amoebic liver 
abscess results; less often amoebic ab- 
scesses occur in the lungs and brain, and 
amoebae have been discovered in many 
other parts of the body. Recently Kofoid 
(1913) has described dysentery amoebae 
from bone and believes that they are 
responsible for Ely’s second type of 
arthritis; he believes also that these 
amoebae may be the etiological factor in 
Hodgkin’s disease and in some cases of 
chronic neurasthenia and subnormal 
health; the evidence for this is as yet 
incomplete. It is obvious that amoebic 
abscesses may occur in any part of the 
body provided local conditions are favora- 
ble. Just what factors favor the localiza- 
tion and multiplication of the amoebae 
in liver, lungs and brain and prevent in- 
fections in other parts of the body are 
not clear. 

The details of the distribution and 

K 

localization of parasites within the host 
are still to be determined, but it may be 
said in general that distribution is due 
primarily to the physiological activities 
of the host, and localization to host- 
parasite interactions, the parasites setting 
up an infection wherever favorable con- 
ditions exist. 

9. Passive (natural) resistance of the host 

The number of species of protozoan 
parasites that are able to bring about 
infections in man is no doubt very small 
compared with the number that gain 
access to his body. The malarial organ- 
isms of birds may be inoculated into the 
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bipod of human beings by culex mosqui- 
toes, and the cysts of intestinal protozoa 
of domesticated animals may be ingested 
with contaminated food but no infections 
result.' Two principal factors probably 
account for the success of certain species 
and the failure of others; these are (i) 
inability on the part of the parasite to 
withstand conditions within the host, 
and (i) failure on the part of the host to 
provide suitable stimuli for the excysta- 
tion of encysted forms. 

The obstacles that must' be met by the 
parasite at the beginning of an invasion 
constitute the passive, or natural, resist- 
ance of the host. This type of resistance 
is in part due to the nature of the host 
without respect to ancestral relations 
with the parasite or may in part have 
been built up during the course of evolu- 
tion as a protection against infection. 
The changes in the environment of an 
intestinal flagellate such as Trichomonas 
hominis (fig. 9) which is carried from the 
outside into the digestive tract of a new 
host are very striking; light gives way 
to total darkness; the temperature is con- 
stant (98.6°F.); the medium is dense and 
viscous; chemical conditions become com- 
plicated by digestive juices, products of 
digestion and biochemical products se- 
creted by the host; food conditions are 
different; and the products of bacterial 
decomposition are abundant and varied. 
Somewhat similar changes are encoun- 
tered when blood-inhabiting species are 
inoculated into man by mosquitoes 
(malarial organisms) or tsetse files (tryp- 
anosomes, fig. 18). 

A parasite may successfully withstand 
all these conditions but still fail to bring 
about an infection because of the absence 
of factors necessary, for example, to 
weaken the wall of a protozoan cyst and 
allow the organism within to escape. 
The literature of protozoology contains 


many reports of human “intestinar* 
protozoa on the basis of specimens found 
in th^ feces which were not active within 
the intestine but had passed through in 
the cyst stage and had emerged only after 
the feces were passed; these are “copro* 
zoic” protozoa, a considerable number 
of which have been described. 

Passive (natural) resistance of the parasite 

If some parasites were not able to 
overcome the obstacles presented by the 
host, animals would be totally free from 
parasites. Thus far no such animal has 
been discovered. This passive resistance 
of the parasite, as in the case of that of 
the host, may have no relation to ances- 
tral infections or may be due in part to 
evolutionary processes. Whether the re- 
sistant coverings of protozoan cysts serve 
to enable the parasite to reach a certain lo- 
cation within the host or are more impor- 
tant as a protection against injury during 
their life outside the host it is not possible 
to decide with certainty. It is known 
that such cysts will survive when sub- 
jected to strong solutions of various 
chemicals and might therefore easily 
withstand the body juices of the host. 
It is also known, as pointed out above in 
the case of Trichomonas hominis^ that active 
trophozoites may pass unharmed through 
the digestive tract and set up an infec- 
tion in the cecum. The value of the 
cyst wall as a means of resisting condi- 
tions within the host is therefore very 
doubtful. 

Every animal is able to exist in an 
environment in which the various factors 
cover a considerable range, i.e., the 
optimum conditions are not necessary, 
although they may be desirable, for the 
maintenance of either the individual or 
the race. Protozoan parasites that are nat- 
ural to a particular host are accordingly 
able to withstand considerable changes 
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in temperature; are not affected by the 
change from light to darkness or vice 
versa; and do not succumb to complex 
chemical changes nor to increases in the 
density of the surrounding medium when 
taken into that host; but why these same 
parasites are not able to live in nearly 
related hosts is a problem of great diffi- 
culty. Why, for example, is the organ- 
ism of human malaria able to live in man 
and not in other species of mammals? 
Why are the sexual stages of the malarial 
organism of man stimulated to continued 
development in the stomach of certain 
species of anopheline mosquitoes and not 
in others? Why are the giardias of man 
unable to live in the duodenum of rats, 
and those of rats in the duodenum of 
man? These questions can only be an- 
swered when we know more about the 
passive resistance of the host to the para- 
site and that of the parasite to the host. 

y. The -parasite s method of attack 

The character of the attack of the para- 
site on the host is of vital importance not 
only to the host but also to the parasite. 
It is obvious that the degree of patho- 
genicity depends on which organs or tis- 
sues are invaded, and on the degree and 
rapidity of tissue destruction or toxin 
production, since slight injuries inflicted 
slowly are usually repaired by the host; 
whereas serious injuries that arc quickly 
produced lead to symptoms. The associa- 
tion that exists in most cases of parasitism 
is such that the parasite is able to live and 
reproduce for many years within the host 
without apparent injury to it. If the 
host develops severe symptoms both it 
and the parasites are in danger and if 
the host dies the parasites die with it. 
This type of parasitic attack is unusual 
and is considered to represent a compara- 
tively recent association, since most para- 


sites live in harmony with their hosts— a 
condition that is supposed to have devel- 
oped during the course of evolution. 

Types of parasitism are distinguished 
largely on the basis of the method of 
attack of the parasite. Among the amoe- 
bae living in man, for example, is Enda~ 
mosba coli (fig. la) which inhabits the 
lumen of the large intestine where it 
probably lives on food taken in by the 
host; this type of parasite is known as a 
commensal and is sometimes termed a 
food-robber. It does not live in any other 
species of host nor outside of the body 
and is therefore a permanent, obligatory 
parasite and non-pathogenic. Another 
species of the same genus, Endamoeha 
histolytica (fig. la), also lives in the large 
intestine of man but feeds on tissue ele- 
ments which it apparently dissolves with 
the aid of proteolytic ensymes that it 
secretes, or engulfs en masse. Usually 
the host is able to repair the tissue as 
rapidly as it is injured, but often the 
parasites gain the upper hand and amoe- 
bic dysentery results, sometimes ending 
fatally. This organism is a permanent, 
obligatory parasite that is always patho- 
genic and sometimes lethal. Other para- 
sites penetrate tissue cells and develop 
within them at the expense of the sur- 
rounding protoplasm. To this type be- 
long the coccidia that live on cells of the 
intestinal epithelium and the malarial 
organisms that destroy red blood cells. 

During the destruction of tissues by 
the malarial parasite there are liberated 
into the blood debris from the broken- 
down cells and waste products excreted 
by the parasite or resulting from diges- 
tion within the cell. Besides this, para- 
sitic protozoa may produce toxic sub- 
stances or zootoxins. Almost nothing is 
known about these but that they exist 
is certain and that they act much like 
bacterial toxins is probable. 
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C: Changes in the host caused by the parasite 

The reactions of hosts to infection may 
be considered under the headings symp- 
tomatology, pathogenesis and immunol- 
ogy. If the parasite lives on the tissues 
of the body or injures the body in any 
way it is pathogenic. If the injuries 
are severe, changes occur in the functions 
of certain organs sufficient to bring about 
symptoms. In certain cases the body 
reacts to the infection by building up a 
resistance to the parasite which we call 
immunity. 

a. Symptomatology. The symptoms that 
are characteristic of the various diseases 
due to parasitic protozoa are in most 
cases well known. Comparatively little 
is known, however, regarding the genesis 
of these symptoms. The Century Dic- 
tionary defines a symptom as “one of the 
departures from normal function or form 
which a disease presents, especially one 
of the more evident of such departures. “ 
In other words, symptoms arise when the 
function of an organ is modified. Usually 
one species of parasitic protozoan brings 
about a large number of symptoms since 
more than one organ may be disturbed. 
Some of these are localized at the point 
where injury is being done, whereas 
others appear at a distance. 

The most recent and probably the most 
successful attempt to determine the 
mechanism of symptom production is that 
of Sir James MacKenzie (192.3). His 
argument is as follows: Symptoms are 
produced by organs whose functions are 
stimulated to unusual activity, or de- 
pressed or suspended. Functional activ- 
ity is dependent on the cells of the 
organ and on the nerves and other agents 
that regulate the activity of these cells. 
There is formed a reflex arc consisting of 
a receptor which receives the stimulus, 
an afferent nerve which carries it to a 
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nerve center, and an efferent nerve which 
conveys it to the effector. A modifica- 
tion of any part of this arc results in an 
abnormal response, i.e., a symptom. 
The effector may be a muscle, gland, or 
the sensorium. 

The genesis of s3rmptoms is open to 
experimental study, such as that of 
Brown (1911) on malarial pigment (hema- 
tin) as a factor in the production of the 
malarial paroxysm. Brown obtained 
hematin from the blood of a rabbit, ox, 
and dog and used rabbits as experimental 
animals. Single or divided doses in alka- 
line solution of from 1.3 to 18 mgm. per 
kilo of body weight were injected intra- 
venously, corresponding to the quantity 
liberated in cases of human malaria when 
from 0,3 to 7.5 per cent of the red blood 
cells are infected. Every dose gave posi- 
tive results that must have been due to 
the hematin. There was a definite tem- 
perature response in proportion to the 
dose with a sharp rise to fastigium in 
about one and one-fourth hours, then a 
slight fall for from 30 minutes to one hour, 
followed sometimes by a second rise, and 
finally a very gradual descent to normal 
in several hours. Soon after injection the 
rabbits exhibited convulsive tremors or 
shivering and the ears became cold — as 
much as 3o°F. below the rectal tempera- 
ture; this period of chill lasted firom 45 
minutes to one hour. The paroxysms 
observed were practically identical with 
those of human malaria and the conclu- 
sion was reached that the toxic action 
of the hematin is, at least in part, directly 
responsible for these symptoms. 

b. Pathogenesis. Many of the protozoa 
of man are not pathogenic so far as is 
known; this is true of Endamoeba coU and 
other commensals. A few, such as Enda- 
moeha histolytica^ the coccidia and malarial 
organisms, are unable to exist without di- 
rect attacks on the host tissues- These 
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attacks bring forth more or less definite re- 
sponses on the part of the host and usually 
a rather definite series of changes occur 
during the course of the infection. This 
series never proceeds beyond the earlier 
stages in contact carriers (see below) and 
stops short of the end when the patient is 
treated or undergoes spontaneous recovery. 
Only when the death of the host ensues may 
the final stages be observed. Each parasite 
maintains its own method of attack and 
the host responds usually in a perfectly 
definite way to the inroads of each species 
of parasite. The changes in the host have 
definite effects upon the progress of the 
parasitic attack and it is thus possible to 
obtain a dynamic view of host-parasite 
reactions during the course of the infec- 
tion. The complete pathogenesis has 
not been worked out for any human pro- 
tozoon. Experimental studies are pos- 
sible with lower animals, e.g. , amoebiasis 
in cats, malaria in canaries, trypanoso- 
miasis in rats, etc., and most of what we 
know of the pathogenesis of protozoan 
diseases has been gained in this way, 
but the complete story for any one of 
them is not yet possible because of lack 
of observations. 

The pathogenesis of intestinal amoe- 
biasis is perhaps as easily studied as that 
due to any human protozoon. The amoe- 
bae are supposed to emerge from the 
ingested cysts in the small or large intes- 
tine. They creep about on the intestinal 
epithelium and erode the cells by means 
of a ferment which they apparently se- 
crete. As a result of this the surround- 
ing capillaries become dilated. Con- 
tinued erosion leads to the formation of 
ulcers and if the injured tissues are not 
regenerated rapidly the irritation of the 
intestinal wall brings on the exudation 
into the lumen of the intestine of large 
quantities of serous fluid and peristalsis 
is greatly increased. The result is diar- 


rhea. The formation of purulent and 
bloody discharges, which are charac- 
teristic of dysentery, may follow. 

c. Immunology. The subject of im- 
munity to protozoan infections is In its 
infancy and the little we know about it 
at present is based on epidemiological 
observations and on animal experiments. 
That hosts differ considerably with re- 
spect to natural resistance to various pro- 
tozoan diseases is evident since many 
individuals do not become infected al- 
though they are undoubtedly invaded by 
the parasites. Acquired resistance has 
been demonstrated in certain cases. For 
example, one attack of oriental sore due 
to Leishmania tropica (fig. ii) confers 
immunity to further infection, and ex- 
periments indicate that partial immunity 
is induced to this organism in dogs and 
monkeys. On the other hand kala- 
azar, which is caused by a closely related 
organism, Leishmania donovani (fig. ii), 
does not produce immunity against rein- 
fection. A tolerance to malaria has been 
observed and an immunity to this disease 
may even be acquired. Thus children in 
an endemic region become infected when 
infants and, if they recover, may be rein- 
fected year after year until by the time 
they are ten years old they cease to show 
symptoms although they possess enlarged 
spleens and have parasites in their blood. 
When these children become adults they 
are immune as evidenced by a decrease in 
the size of the spleen and by the absence 
of parasites from the blood. 

Very little is known about the resist- 
ance of man to trypanosome infections 
but a number of important investigations 
have been carried on with animals. The 
most important recent researches are those 
of Taliaferro (19^6) with Trypanosoma 
kwisi in rats. If no resistance were en- 
countered when trypanosomes are inocu- 
lated into an experimental animal the 
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organisms would increase according to 
a geometrical progression series and the 
death of the host finally ensue. This 
is what appears actually to occur when 
Trypanosoma brucei is inoculated into a 
rat. If the parasites do not increase in 
this way then some type of resistance is 
in operation. In infections of rats with 
T. kwisi three types of resistance become 
manifest retardation and final 

inhibition of reproduction by about the 
tenth day, (x) the sudden destruction of 
the majority of the parasites between 
the eighth and twelfth days, and (3) the 
eventual total destruction of the parasites 
which terminates the infection and may 
take place from a few days to several 
months after the first crisis.” Taliaferro 
has demonstrated the formation of a 
reaction product in the blood serum which 
totally inhibits the reproduction of the 
trypanosomes by about the tenth day. 
Scrum from such an animal when injected 
into a fresh rat will prevent the repro- 
duction of trypanosomes in it thus 
furnishing an excellent example of the 
passive transfer of the immunity from an 
infected to an uninfected animal. There 
is no definite evidence as to what causes 
the destruction of most of the trypano- 
somes between the eighth and twelfth 
days but the blood serum evidently ac- 
quires rather suddenly a trypanolytic prop- 
erty. The final destruction of trypano- 
somes which terminates the infection 
seems to be due to a lysin. The immu- 
nology of protozoan infections presents a 
large and fascinating field for investiga- 
tion. 

7. Changes in the parasite due to residence in 
the host 

a. Immunology, Residence in a host 
may bring about the building up of an 
active, acquired resistance on the part 
of the parasite in certain cases. The 


well-known hypothesis of Welch (1901), 
that bacteria are stimulated to protect 
themsdlves by the production of anti- 
bodies when they are subjected to the 
defensive forces of the host, no doubt 
holds true for protozoa. That this should 
occur is not at all strange since parasites 
are living organisms and doubtless react 
to various stimuli much as does the host. 
Not only are parasites supposed to ac- 
tively protect themselves from the host, 
but they appear to be capable of modifi- 
cations that enable them to resist harmful 
therapeutic agents. Thus races of para- 
sites are supposed to develop that are 
“fast” to substances ordinarily destruc- 
tive. For example, it is customary to 
speak of arsenic fastness in trypanosomes 
and quinine fastness in malarial organisms. 
If trypanosomes are subjected to a dose 
of an arsenical insufficient to destroy 
them, they become more resistant to 
arsenic than they were at the beginning. 
Repeated doses increase the resistance. 
That this result is not due simply to the 
selecting out of more resistant natural 
strains is indicated by the fact that 
Oehler (1913) obtained a resistant strain 
in a pure line infection. The resistance 
may persist for a long time, e.g., after 
passage through 400 animals, during 
which many thousands of asexual genera- 
tions must have occurred. Loss of this 
resistance may follow passage through a 
different species of laboratory animal or 
through the invertebrate host. 

h. Aggressivity, The term aggressivity 
is applied to the invasive powers of a 
parasite. Changes in parasite aggressiv- 
ity seem to occur due to residence within 
a host and may be illustrated by several 
examples. Epidemics of malaria have 
been described occurring in endemic re- 
gions. No one has satisfactorily ex- 
plained this phenomenon. Parasites that 
were extra-virulent may have been 
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brought in from some other region, or 
the resistance of the general population 
may have decreased all at once thus en- 
abling the organisms already present to 
undergo rapid increase in numbers, but 
it is possible that these epidemics are due 
to an increase in the invasive powers of 
the organisms responsible for the endemic 
malaria of the region. 

Differences in invasive powers have 
been noted among the cysts of the dysen- 
tery amoeba, Endamoeha histolytica^ which 
may have been due to changes during 
residence in the human host. For ex- 
ample, Baetjer and Sellards (1914) state 
that “chronic cases of long standing, 
with mild symptoms, often produced an 
attack in animals which was of com- 
paratively short duration and eventually 
ended in recovery;” and Wagener and 
Thomson (1914) were able to infect kit- 
tens without difficulty with amoebae 
from an acute case of amoebiasis, but 
succeeded in only one of fourteen kittens 
when amoebae were used from a chronic 
case of amoebiasis. The supposition is 
that the conditions of chronicity modified 
the aggressivity of the amoebae until a 
strain with very little invasive powers 
was developed. 

L Host -parasite adjustments during an 
infection 

a. Carriers. During the course of a nat- 
ural infection as outlined above various 
.adjustments occur between host and par- 
asite. Continued reproduction by the par- 
asite without check would obviously result 
in the death of the host; this would be a 
disadvantage to the parasite, since it is 
thus prevented from further growth and 
multiplication and especially from dissem- 
ination. Spontaneous recovery results in 
most cases of protozoan infection, but by 
recovery is meant the cessation of symp- 
toms and not the total disappearance of 


parasites from the body. Frequently the 
host by means of its acquired resistance is 
able to destroy most but not all of the 
parasites, and hence to bring about the 
carrier condition. 

A carrier is a host in which parasites 
live and by which they are disseminated 
but exhibits no visible symptoms of in^ 
fection. Walker and Sellards (1913) dis- 
tinguished two types of carriers in their 
work with human amoebae, (i) contact 
carriers who are parasitized but never 
have exhibited symptoms, and (i) con- 
valescent carriers who have recovered 
from the disease but are still infected. 
This is the ideal condition for the para- 
site since it is not in danger of losing its 
host and is ensured of the distribution of 
its offspring. As a matter of fact most 
host-parasite relationships are of this 
type; hosts become infected but never 
show symptoms and are apparently none 
the worse because of the presence of the 
parasite, a sort of equilibrium between 
host and parasite being established. 
Certain species of hosts are almost uni- 
versally infected by certain species of para- 
sites in nature and the parasitized condi- 
tion might almost be considered the 
normal state for these species. 

Infection without symptoms is supposed 
to be the result of long periods of associa- 
tion. According to this view the length 
of parasitism of a certain species of host 
by a certain species of parasite can be 
determined approximately by the host- 
parasite reactions. For example, if a 
parasite is pathogenic and lethal for a 
certain host the association is supposed 
to be recently acquired whereas the ath 
scnce of symptoms indicates a long period 
of consociation. Frequently carriers are 
spoken of as reservoirs since they are 
store houses for the organisms that arc 
responsible for the spread of the parasite 
to new hosts. In certain cases the para- 
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site is infective both to man and to lower 
animals and one or both kinds of hosts 
may serve as reservoirs. Very little is 
known at present regarding the condi- 
tions mnderiying the carrier state. 

h. Latency, Similar in certain respects 
to the carrier condition is the state known 
as latency. When parasites arc present 
in a host but do not make themselves 
manifest, they are said to be latent. 
Latency, however, does not necessarily 
require the dissemination of the parasites 
by the host. In some cases a host may be 
parasitized and show no symptoms; in 
other cases a host may recover from symp- 
toms but still harbor parasites; both types 
of conditions may be included under the 
term latency. Certain changes in host or 
parasite may bring on symptoms in a 
host that had never previously exhibited 
evidences of infection; such a case might 
be considered one with an extended in- 
cubation period. 

c. Relapse. Symptoms may appear in 
a host that had previously shown symp- 
toms but had apparently recovered; such 
a reappearance of symptoms is known 
as a relapse if the latent period is short 
and a recurrence if the latent period is 
long. Relapses may be induced in cer- 
tain infections by definite stimuli but the 
physiological bases for this have not 
been determined. 

Perhaps the host-parasite relationship 
resulting in the carrier condition, latency 
and relapse may best be illustrated by 
facts derived from the study of malaria 
in man and birds. Relapse is in certain 
respects the most important phase of 
malaria, since it is largely responsible for 
the maintenance of the race from year to 
year. For example, the malarial organism 
does not pass the winter in the mosquito 
in our Southern States but lives during this 
period only in man. In the spring human 
carriers have relapses, numerous gameto- 


cytes (fig. i6c, iyc, z8c) appear in their 
blood and from them the mosquitoes 
become infected. If relapse could be 
prevented the mosquitoes would have 
no chance of becoming infected and ma- 
laria would soon die out. 

Many cases have been described of 
primary latency in malaria, i.e., the 
appearance of symptoms months or years 
after infection, although the normal in- 
cubation period is three weeks or less. 
In these cases parasites had no doubt 
been present in small numbers but unable, 
because of some sort of host resistance, to 
increase sufficiently to cause symptoms 
until a change took place in the physio- 
logical state of the host which broke 
down this resistance. During the nor- 
mal course of a malarial infection the 
parasite number rises to the peak then 
falls, and finally becomes so small that 
no parasites are to be found in the blood 
when examined by routine methods. 
Symptoms cease as the parasite number 
falls. Frequently parasites appear again 
in large numbers and symptoms are again 
experienced after an interval of a few days 
or weeks, showing that not all of the 
parasites were destroyed at the end of the 
primary attack. 

Various theories have been advanced 
to account for such cases of relapse. The 
theory with most evidence in its favor 
is that proposed by Ross. According to 
this a few parasites remain in the host 
after symptoms cease, and these are able 
to maintain the race by asexual repro- 
duction. Work done in this laboratory 
with bird malaria seems to prove the cor- 
rectness of this theory. Dr. Ben-Harel 
(132.3) showed that during the period be- 
tween the cessation of symptoms and the 
appearance of a relapse, malarial organ- 
isms are present in the internal organs 
undergoing asexual reproduction. Dr. 
Lucy G. Taliaferro (132,5) further proved 
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that asexual reproduction during this 
period continues at the same rate as during 
the period of symptoms. The codclu- 
sion is that the rate of reproduction is 
not changed, but most of the offspring 
must be destroyed in some wap at present 
unknown. If the physiological state of 
the body is changed these parasites are 
not destroyed as fast as they are pro- 
duced and a relapse ensues. The sub- 
cutaneous or intra-muscular injection of 
various substances called provocatives 
is capable of bringing about this result. 
Some of these are adrenalin, ergotin, 
salvarsan, and strychnin. Relapse may 
also be brought about by radiation with 
ultraviolet light (Whitmore, 192.3) and 
frequently results from exposure to cold 
or sun, from inebriation, errors in diet, 
surgical operations, etc. It seems proba- 
ble that these various stimuli cause some 
change in the blood favorable to the para- 
site, such as an increase in sugar content; 
experiments are now in progress to test 
this hypothesis. 

p Thraputics 

Host-parasite relationships may be pro- 
foundly modified by treating the host. 
This may take the form of building up 
the resistance of the host (biological 
therapy) or of destroying the parasite 
either directly or through the host (chemi- 
cal therapy), 

a> Biological therap. Constitutional 
biological therapy involves the usual 
procedures for maintaining or increasing 
natural host resistance, such as rest, 
minimum movement, and the treatment 
of other infections when present. Often 
the host may be aided by a certain type of 
nourishment. For example, a milk diet 
is prescribed in cases of intestinal amoe- 
biasis since milk produces a small amount 
of putrefaction and is practically all 
absorbed before it reaches the large 


intestine where the amoebic ulcers afe 
located. 

Vaccines, antitoxins, etc., that in- 
crease the active resistance of the host 
are not available for protozoan diseases. 
There seem, however, to be no insur- 
mountable obstacles to their preparation 
and use. A close approach to vaccination 
is the custom reported to have been prev- 
alent among the Jews of Bagdad who 
infected their children with the organism 
of oriental sore (Leishmania tropca^ fig. 
2.1) by direct inoculation since they had 
learned that one attack gave immunity 
to further attacks; it was thus possible to 
infect unexposed parts of the body and 
avoid sores that might otherwise appear 
on the face. 

An interesting zootoxin was obtained 
by Pfeiffer (1891) from Sarcocystis tenella^ 
a sporozoan muscle parasite of sheep 
which Laveran and Mesnil (1909) named 
sarcocystin. This substance is highly 
toxic and 0.0001 gram per kilo of body 
weight is fatal to rabbits. Teichmann 
and Braun (1911) by immunizing rabbits 
obtained an effective antitoxin and 
McGowan (1913) found that the serum 
of infected sheep gave positive comple- 
ment fixation. 

h. Chemotherapy. Drugs may be used 
to aid the host either as parasiticides by 
destroying the parasites or as agents for 
building up host resistance. In many 
cases it is difficult to determine which 
of these processes is taking place. There 
seems to be no reason why, in the case of 
intestinal infections, enemas containing 
drugs toxic to protozoa should not be 
effective parasiticides. Thus rectal irri- 
gations with a solution of tannic acid or 
of bihydrochloride of quinine have been 
recommended in cases of amoebic dysen- 
tery, and rectal injections of iodine solu- 
tion or of methylene blue for flagellate 
infections. Such treatment might be ef- 



HOST-FARASITE RELATIONSHIPS AMONG PROTOZOA 


ficadous against organisms such as the 
flagdiate Trichomonas hominis which lives 
in the lumen of the large intestine but 
probabi7 does not destroy organisms such 
as endainoebae and coccidia that live in 
the wall of the intestine. In a similar 
fashion certain investigators advise vaginal 
douches with a saturated solution of 
sodium bicarbonate to destroy the flagel- 
late Trichomonas vaginalis (fig. 7), which 
ordinarily lives in the acid secretions of 
the vagina. 

It seems possible that drugs taken by 
mouth may act directly upon the parasites 
within the intestine. lodamoeba williamsi 
(fig. 4a) is destroyed by the administration 
of emetine although it lives in the lumen 
of the intestine. In this case the emetine 
may kill the parasite by actual contact. 
Drugs injected into the blood stream may 
likewise destroy blood inhabiting pro- 
tozoa. 

Progress in the chemotherapy of pro- 
tozoan infections has been most gratify- 
ing within the past two decades. Qui- 
nine was already in use in the seventeenth 
century as a cure for malaria but only 
recently have satisfactory therapeutic 
agents for other protozoan diseases been 
discovered. Emetine was introduced by 
Sir Leonard Rogers for amoebic dysen- 
tery in 1912. and soon came into general 
use; more recently yatren and stovarsol 
have both been proven to be specific 
agents for the cure of this disease. In 
1905 Thomas inaugurated the treatment 
of trypanosomiasis with atoxyl and to 
this have since been added tartar emetic, 
tryparsamide, Bayer zo5 and Pasteur 309. 
Tartar emetic which was also found by 
Vianna (1913) to be efficacious against 
American leishmaniosis, has been found 
to be equally valuable for the treatment of 
kala-azar and oriental sore. No therapeu- 
tic agents are yet available for intestinal 
flagellates and coccidia. 


Whether these drugs act directly on 
the parasite or through the host is still 
in doubt. In a recent illuminating ad- 
dress Dale (1915) states the situation in 
the following words. “The conception 
of a remedy not killing the parasites 
immediately, but modifying their viru- 
lence, or lowering their resistance to the 
body’s natural defences; of a remedy 
not acting as such, but in virtue of the 
formation from it in the body of some 
directly toxic product, either by a modi- 
fication of its structure or by its union 
with some tissue constituent; of an affin- 
ity of the remedy for certain cells of the 
host’s body, leading to the formation of 
a depot from which, in long persistent, 
never dangerous concentration, the cura- 
tive substance is slowly released; all these 
conceptions present themselves, again 
and again, as necessary for our present 
rationalisation of the effects observed. 
It can hardly be doubted that they will 
potently influence the methods by which, 
in the immediate future, new and still 
better specific remedies are sought. But 
though our practical aim, in relation to 
the affinities of a remedy for the parasite 
and for the host’s tissues, may be radi- 
cally changed the meaning of these 
specific affinities, so delicately adjusted 
to a precise molecular pattern, remains 
dark.” 

10. Route taken hy -parasites in escaping 
from the host 

As already noted, parasites must not 
only reproduce within the host but their 
offspring must be able to escape and set 
up new infections in order to maintain 
the race. In most cases escape is easy 
since the parasites attack parts of the 
host from which natural channels lead 
to the outside; e.g., intestinal protozoa 
pass out with the feces. The escape of 
sufficient trichomonads from the mouth 
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and vagina to keep these races from dying 
out is probably brought about by kissing 
and coitus respectively. The bldod-in- 
habiting protozoa depend upon inter- 
mediate bloodsucking hosts for their 
liberation and dissemination and a truly 
wonderful series of developmental stages 
on the part of the parasite and reactions 
on the part of the host and intermediate 
host are necessary to accomplish this. 
The life-cycles of some parasites are so 
complicated that their survival seems 
almost impossible. 

Other methods of escape are exhibited 
by protozoan parasites of certain lower 
animals. Some parasites are set free by 
the death and decay of the host; others 
live in an intermediate host that is cap- 
tured and devoured by the definitive host; 
some are liberated in the digestive tract 
of an animal that eats the host, and pass 
out in its feces; a few species form tumors 
which break open and allow the parasites 
to reach the outside; and in some cases 
the parasites pass from one host to another 
in the eggs of the intermediate host 
(“hereditary” transmission). 

V. HOST-PARASITE SPECIFICITY 

By host-parasite specificity is meant 
the character of the relationships between 
species of parasites and species of hosts 
with respect to host susceptibility and 
parasite infectivity. Hosts and para- 
sites may be divided into groups and 
labelled according to their interspecific 
relations, since observations and experi- 
ments have built up a considerable body 
of facts regarding this subject; but what 
environmental conditions and host and 
parasite characteristics are responsible 
for the facts observed are still very ob- 
scure. 

j. Hosf susce-ptihillty 

Parasitologists have long recognized 
different types of hosts with respect to 


their susceptibility to various parasites. 
Thus if a host is easily parasitized by a 
certain species it is said to be tolerant 
whereas if it is difficult to parasitize it is 
classed as refractory. A host 'that is 
frequently found parasitized by a certain 
species in nature is known as a natural or 
autochthonous host; whereas one that 
does not become so parasitized may be 
considered a foreign host. If a species 
of parasite that habitually lives in a 
certain host species is found in a host that 
is very seldom infected, that host is 
spoken of as an accidental or casual host, 
A host may become infected but throw 
off the infection after a short time, in 
which case it is known as a provisional 
or transitory host; or it may serve as a 
host for a short stage in the life-cycle of 
a parasite, thus becoming a temporary 
host. 

Frequently it is possible to infect species 
of hosts in the laboratory that do not 
become infected, as a rule, in nature, 
either because their habits are such that 
they do not come into proper relations 
with the parasites or because they are 
refractory except when large numbers of 
parasites are present or when these are 
administered to them in certain definite 
ways not usually possible in nature. 
Thus cats are relatively easily infected 
by laboratory procedure with Endamoeha 
histolytica^ the dysentery amoeba of man, 
but are almost never found to be infected 
in nature. 

Whether or not a susceptible species of 
animal becomes infected with a particular 
species of parasite in nature depends pri- 
marily on three factors; (i) animal and 
parasite must live in the same geographi- 
cal region, (£) the habits of the animal 
must be such as to bring it into proper 
relations with the infective stage of the 
parasite, and (3) the life-cycle of the 
parasite must be such that its infective 
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sta^e is reached when and where the host 
is ayailable to be parasitized. 

The first factor mentioned is so ob- 
vious that little discussion is necessary. 
The absence of certain diseases from cer- 
tain regions is frequently due not to the 
absence of susceptible hosts but to the 
absence of the parasites. This, for ex- 
ample, may account for the absence of 
malaria from countries where suceptible 
human hosts and the proper species of 
anopheline mosquitoes exist but where the 
malarial parasites have never been intro- 
duced. On the other hand, many cases 
might be cited of diseases that have 
appeared in various regions previously 
free from them because of the introduc- 
tion of the causative parasite. 

The other two factors are really the 
same considered from the two standpoints 
of host and parasite respectively. If 
the life-cycle of a parasite and the activi- 
ties of its natural host are studied side 
by side it will appear as though both 
host and parasite were actually trying 
to bring about a situation favorable for 
infection. For example, the gameto- 
cytes of the malarial organisms (fig. 2.6c, 
i/c, i8c) live in the peripheral blood 
where they cannot fail to reach the stom- 
ach of the mosquito that sucks up the 
blood; the infective sporozoites congre- 
gate in the salivary glands of the mos- 
quito where they seem to He in wait to 
be inoculated into a new host. The 
mosquito lives on the blood of man and 
thus enables the parasites to enter the 
blood stream; whereas it might live on 
fruit juices as it is able to do in the labora- 
tory. The infective mosquito bites 
usually at night when the host is asleep 
and is thus able to inoculate the sporo- 
zoites successfully during an uninter- 
rupted meal. A change in any one of 
these conditions might easily bring about 
the annihilation of the race of parasites; 


for example, if the gametocytes were 
localized in the internal organs of man or 
if the sporozoites did not reach the sali- 
vaiy glands of the mosquito there would 
be no spread of malaria and the disease 
would soon die out. 

An infection may be acute, malignant, 
fulminating, chronic or benign, but the 
evidence does not indicate that the sus- 
ceptibility of the host to an infection 
has any bearing on the character of the 
infection induced. That is to say, a 
host may be more susceptible to infec- 
tion, and probably usually is, by a species 
of parasite that never calls forth symptoms 
than by a pathogenic or lethal species. 

2. Parasite injectivity 

If a host is easily parasitized by a species, 
the parasite is said to be highly infective. 
How much its infectivity is due to the 
host and how much to the parasite it is 
impossible to say. Several of the terms 
noted above with respect to hosts arc 
also commonly used to designate different 
types of parasites. Thus, we speak of 
natural parasites, accidental parasites, 
and provisional, transitory or temporary 
parasites. Parasites are also classified 
according to the necessity of existence 
within a certain host as facultative, 
when this is not required, and obligate, 
when the parasite is unable to live in 
any other host. The invasive powers 
of a parasite are indicated by such terms 
as virulent or aggressive and the degree 
of infectivity with respect to the effects 
on the host as pathogenic, sublethal, 
and lethal. 

The data regarding some phases of 
host-parasite relationships in malaria and 
intestinal protozoa will serve to indicate 
some of the problems involved in parasite 
infectivity. (i) The malarial organisms 
of man can complete their sexual cycle 
only in the mosquito. Gametocytes of 
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both sexes may be present in the blood 
but do not undergo maturation and fer- 
tilization as long as they remain there. 
If an anopheline mosquito of a certain 
species sucks malarious blood into its 
stomach the *'ripe” gametocytes are 
stimulated into activity, whereas all the 
parasites in other stages of the asexual or 
sexual cycle are destroyed. Maturation, 
fertilization, the formation of ookinetes, 
oocysts, sporoblasts and sporozoites all 
proceed in regular order and finally fully 
developed sporozoites congregate in the 
salivary glands and the mosquito is ready 
to pass on the infection to a susceptible 
human host. Not all anopheline mosqui- 
toes are equally capable of infection; many 
of them are quite refractory and some that 
appear never to be infected in nature may 
be parasitized in the laboratory. If 
mosquitoes of other types, e.g., the com- 
mon culicines, ingest malarious blood 
the “ripe"’ gametocytes as well as all 
other stages of the parasite are destroyed. 
The problem here is why are these para- 
sites infective to one species of mosquito 
and not to a nearly allied species living 
in the same region and therefore subjected 
to the same external conditions, and feed- 
ing on the same organic material, namely 
the blood of man or of lower animals. 
Differences in infectivity are probably 
due to failure on the part of the gameto- 
cytes to resist some agent or agents in 
the stomach of the refractory host or to 
the absence in toto or in part in that type 
of host of the agents that stimulate fur- 
ther development. 

(a) The intestinal protozoa of. man 
that are transmitted in the cyst or oocyst 
stage offer a similar problem. Why do 
some cysts pass through the entire intes- 
tine without apparent change; whereas 
the cyst walls of. others break down and 
the organisms within are stimulated to 
develop? Is the difference due to dif- 


ferences in the composition or thickness 
of the cyst walls or failure of the environ- 
ment to stimulate activity within the 
cyst which results in the dissolution of 
the cyst wall from within? It is evident 
that factors exist either in the parasite 
or in the host or in both that account for 
host susceptibility and parasite infectiv- 
ity and bring about the conditions that 
exist in nature, where most parasites 
seem to be limited to one or a very few 
species of hosts, being unable to infect 
other species, usually even those closely 
allied. 

The two extremes of host-parasite 
specificity may be illustrated by the rela- 
tions we have found in this laboratory to 
exist between (i) the giardias of mammals 
and (x) the herpetomonad flagellates of 
flies. Within the past few years we have 
been carrying on a series of investigations 
(Simon, 19x1, 19XX; Hegner, 19x1, 1913, 
19x4, 19x5) which seem to indicate that 
the giardias found in each species of host 
differ specifically from those found in 
every other species of host and only in a 
few cases is more than one species of host 
infected by one species of giardia. Thus 
morphologically distinct species have 
been described from tadpoles, house mice 
and rats, field mice, rabbits, cats, dogs, 
guinea pigs, and ground squirrels as well 
as from certain birds and reptiles. Here 
then is an example of very rigid host- 
parasite specificity. 

In contrast to this are the results of 
Becker’s (192.3) studies on the herpeto- 
monad flagellates that live in the intes- 
tine of flies. Investigators previous to 
Becker’s work assumed that each species 
of fly was infected with its own peculiar 
species of herpetomonad and hence when 
a new species of fly was found to be in- 
fected the organism was given a new 
specific name. Becker carried on experi- 
ments with six species of muscoid flies 
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found that each species could be infected 
with herpetomonads from each of the 
other five species. Because of these re- 
sults and of the fact that no morpholog- 
ical differences could be observed be- 
tween the various so-called species, Becker 
concludes that the flagellates from these 
six species of flics are all of the same 
species, — that first described from the 
house fly, Musca domesfka, as Herptomonas 
muscae-domesticae. These results have 
been confirmed and extended by Drboh- 
lav (192.5). 

To account for different degrees of 
host susceptibility and parasite infec- 
tivity we must refer again to certain phases 
of host-parasite relationships already dis- 
cussed and call attention to several fac- 
tors not yet mentioned. The most im- 
portant of these are the natural resistance 
of the host and parasite, acquired suscep- 
tibility of the host, acquired infectivity 
of the parasite, and changes in the en- 
vironment within the host. Because of 
both lack of space and lack of knowledge, 
only some of the problems will be men- 
tioned here and no attempt will be made 
to account for the conditions described. 

That hosts differ in susceptibility to 
a given parasite has been abundantly 
demonstrated. The difference may be 
racial, familial, or individual, i.e., it may 
be inherited. It would be interesting to 
study this subject with hybrids between 
susceptible and nonsusceptible hosts. 
Sex and age may also have a profound 
effect on host-parasite specificity. In 
general young animals are more suscep- 
tible to infection than adults. This 
was found to be true, for example, by 
Maxey (1911) for Giardia lamhlia in 
children examined at the Johns Hopkins 
Hospital. 

The physiological state of the host 
may have an important bearing on its 


host may become infected if his rcsist- 
anc;^ is lowered by overwork, by pre- 
vious infection with other parasites, by 
malnutrition, by intoxication, by expo- 
sure to wet and cold, by trauma, or by 
shock. Changes in physiological state 
no doubt also take place in parasites 
which raise or lower their powers of 
infectivity. Other factors that cause no 
inconvenience to the host may be unfavor- 
able for the parasite. For example, 
the writer (Hegner 19x4, 19x5) has called 
attention to the fact that intestinal pro- 
tozoa are rarely present in carnivorous 
animals. He had previously (Hegner, 
19x3) shown that rats fed throughout 
their lives on a largely carnivorous diet 
that was favorable for growth and repro- 
duction were free from intestinal proto- 
zoa and that rats heavily infected with 
intestinal flagellates can be largely freed 
from their infection, especially with 
trichomonads, if fed for about a week on 
such a diet. Presumably rats that are 
being fed on this diet would not become 
infected if the parasites were introduced 
with their food. The change from a 
largely vegetarian diet to one largely 
carnivorous brings about great modifi- 
cations in the bacterial content of the 
cecum, modifications that the tricho- 
monads are apparently unable to resist. 

Opportunities for the study of the 
effects of the environment upon host 
susceptibility and parasite infectivity are 
presented among lower animals with re- 
spect to such factors as temperature, diet, 
starvation, and gas content of the air. 
Cleveland (19x4, 19x5, 19x6) has carefully 
studied these factors in the case of termites 
and their intestinal flagellates. He finds 
that the four principal species of flagel- 
lates of these insects are affected differ- 
ently by changes in temperature, by 
starvation and by subjection to oxygen 
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Tinder pressure. He was able to prove 
that the termites are unable to live with- 
out intestinal flagellates to digest cellu- 
lose for them, and that the flagellate 
Strehlomastix is not a symbiote but proba- 
bly receives its nourishment from the 
other protozoa. 

The origin of host-parasite specificity 
is really synonymous with the evolution 
of parasitism. It is obvious, as already 
pointed out, that parasitism cannot exist 
unless the hosts and parasites involved 
are present in the same region and behave 
in such a way as to come frequently into 
contact. If these conditions are ful- 
filled, the factors that make it possible 
for the parasite to live and reproduce 
within the host present themselves for 
consideration. Thus it seems certain 
that man often takes in with his food the 
infective stages of many parasites of 
lower animals, e.g., the cysts of giar- 
dias of rats and mice, and the oocysts of 
coccidia of cats, dogs and rabbits; and 
that his blood stream is inoculated fre- 
quently by culicine mosquitoes with the 
organisms of bird malaria. These or- 
ganisms are not able to remain in the 
body of man because man does not tolerate 
them. 

But what factors are responsible for 
tolerance or refractoriness and how have 
these conditions arisen in the course of 
evolution? Some of the factors involved 
have been discussed above and, as we have 
seen, are still very obscure. Our account 
has been based on the conditions of host 
and parasite as we find them today with- 
out much consideration of how the pres- 
ent status has been reached. There can 
be little doubt, however, but that long 
association has brought about changes 
in both host and parasite which make 
it possible for them to live together 
in harmony except under special con- 
ditions. An increase in the virulence 


of the parasites might disturb the equi- 
librium established and bring about patho- 
logical conditions in the host; a decrease 
in the resistance of the host might have 
the same effect; or a decrease in the ag- 
gressivity of the parasite might prevent 
infection; and an increase in the resistance 
of the host might also prevent infection, 

VI. CONCLUSION 

In conclusion a few remarks may not 
be out of place regarding the scientific 
and practical importance of investiga- 
tions of host-parasite relationships . Biol- 
ogists interested in this field arc search- 
ing for the truth without special atten- 
tion to its effect upon human welfare. 
They will be satisfied only when all the 
various phases of the subject have been 
made clear. New data reveal new prob- 
lems and the program is thus undergoing 
constant modification. There is no fear 
of exhausting the subject, since each 
step in advance brings us closer to the 
fundamental problems of life and dis- 
closes new and ever more fascinating 
questions to be solved. 

No special section of our program is 
devoted to the practical aspects of host- 
parasite relationships. These, however, 
are always kept in mind and any new data 
obtained are always scrutinized for pos- 
sible applications to prevention and con- 
trol. Our investigations are of impor- 
tance from the standpoint of personal 
hygiene since they furnish the knowledge 
necessary to protect the individual from 
protozoan infections. Of even greater 
significance are the data of use to workers 
in the field of public health since whole 
communities may be protected as a result 
of these scientific investigations. 

Finally there is always before us the 
possibility of throwing light on the 
greatest of all of our problems, that of 
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the origin and evolution of parasitism. 
The materials available for observation 
and experiment are particularly favorable 
for attacks on this problem, and as an 
added incentive is the knowledge that 


the elucidation of the changes that 
occur during the development of the 
pafasitic from the free-living habit may 
furnish the key to the solution of the 
problem of the method of evolution. 
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I. INTRODUCTION 

T he discovery of new facts 
and their correlations with 
each other and with those 
previously known may satis- 
fy the individual research worker, but the 
practical applications of the facts hold 
the chief interest for those in other fields 
of endeavor. Thus, cytology principally 
interests the public on account of its rela- 
tion to pathology, to physiology, and 
to evolution and heredity. Its relation- 
ship to the last of these is the especial 
concern of the present paper. 

Living things, plant or animal, are 
cither single cells as in the lower fonns of 
life or coordinated groups of many cells 
as in all higher organisms. In other 
words, the unit of living matter is the 
cell. This is a microscopical bit of pro- 
toplasm which contains a highly special- 
ized, centrally-located part called the 
nucleus. The essential constituent of 
the nucleus is a substance which stains 
deeply with basic dyes, hence Flemming 
('79) named it chromatin from the Greek 
word meaning color. Concor- 

dant evidence from many lines of work 
has been sufficient to convince most biol- 
ogists that chromatin, which is the 
only material contributed in equal amount 
by both parents in fertilization, is the 
physical basis of heredity. The chroma- 
tin is in a loose, spongy condition during 
the ordinary processes of metabolism. 


but condenses when a cell prepares to 
divide. It then becomes evident that 
there is a definite number of dense bodies 
which were named chromosomes by 
Waldeyer in 1888. During division each 
chromosome splits lengthwise and a 
half of every one goes to either new cell. 

Each species has a definite chromosomal 
complex, the characteristics of which 
are most readily distinguished just before 
the halves of the chromosomes separate 
during cell division. For instance, the 
number of chromosomes is practically 
constant, although certain exceptions 
exist due to the sex-determining mecha- 
nism, supernumeraries and multiple for- 
mation. Also a graded size series is 
usually present. This series is actually 
double as there arc almost invariably two 
of a given size and shape. Of these two 
morphologically alike, paired or homol- 
ogous chromosomes, one has been derived 
from the male and the other from the 
female parent. 

The germ cells in preparation for fer- 
tilization undergo a series of changes 
called collectively garnet ogenesis. The 
part of this process with which we are 
particularly concerned is called matura- 
tion and consists of two cell divisions of 
a somewhat special type. These arc 
known as the first and second maturation 
divisions. The behavior of the pairs of 
chromosomes during these two divisions 
is the especial field of this paper. 

Before the maturation divisions, homol- 
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ogous chromosomes conjugate. Each 
member has already split longitudinally 
as for an ordinary division so that the 
result is a chromosome called a tetrad, 
composed of four parts or chromatids, 
which may or may not be distinguishable 
entities. At the first maturation division 
every first spermatocyte, or oocyte, as the 
case may be, gives rise to two cells, each 
of which contains the same number of 
chromosomes as its parent cell, but in- 
stead of four parts, each chromosome 
now has two, and is called a dyad. At 
the second maturation division in the 
male both of the cells derived from one 
first spermatocyte divide, giving four 
ceils (spermatids) in all. Each of these 
cells contains one chromatid from every 
tetrad; c.g., if a first spermatocyte had 
II tetrad chromosomes, each of the four 
spermatids to which it gave rise would 
have II chromosomes but every one of 
the latter would be a single chromatid 
or monad, as they are now called. The 
oocyte goes through a similar process 
but only one functional egg is formed, 
as three of the cells are abortive. In 
cither case the germ cells become haploid, 
that is, they contain a single series of 
chromosomes. The union of the two 
mature germ cells to form a new individ- 
ual restores the full, or diploid, number 
of chromosomes. Thus the initial re- 
duction in number of chromosomes oc- 
curs through the union (synapsis) of 
homologous or like chromosomes, one 
contributed by the egg and one by the 
sperm, and not as a result of cell division. 
This process is known as pseudo- or false 
reduction, since the actual distribution 
to different cells is accomplished by the 
two following divisions. 

The question of interest is — ^Which divi- 
sion separates the part of a tetrad derived 
from one parent from that derived from 
the other? Obviously, there are several 


possibilities. The synapsed pairs may 
separate at the first division; one-half of 
each may go into either second gametocyte 
to be separated at the second division* 
or, it may be a matter of chance whether 
the dyads which separate at the first 
maturation division are derived from the 
same or opposite parents. Do all of the 
tetrads of a species follow a given pro- 
cedure? Or, may the tetrads differ in 
this respect among themselves? Or, 
finally, do the homologues of a particular 
tetrad segregate, for example 90 per cent 
of the time in one division while those of 
another tetrad segregate 15 per cent of 
the time, and if so, what is the cause of 
this differential behavior? Let us first 
view the matter from a historical stand- 
point, then consider the facts presented 
by recent work. 

II. HISTORICAL BACKGROUND 

Cytology, in so far as it deals with the 
chromosomes and heredity, really began 
in 1883, forty-three years ago, with Van 
Beneden’s discovery that egg and sperm 
of Ascaris megalocefhala each contribute 
one-half of the chromosomes found in 
the somatic cells of the species. He also 
saw that this reduction in amount of 
chromatin in the germ cells occurred at 
maturation. He assumed that the egg 
cast out the chromatin which had been 
brought in by the sperm and the sperm 
that which it had received from the egg. 
According to this hypothesis the germ 
ceils alone would be truly male or female 
and all individuals that resulted from 
their union would be hermaphrodites. 
His conclusions have been shown to be 
erroneous but his observations stand. 

In the same year Roux advanced his 
hypothesis of the linear arrangement of 
chromatin which is qualitatively dif- 
ferent in various regions of the chromo- 
somes. 
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• In 1888 Strasburger reported that Van 
Beneden’s observations applied to a num- 
ber of flowering plants and a year earlier 
Flemming, Carnoy and others had shown 
similar conditions to prevail in other 
animals. 

Flemming (’87) recognized a difference 
in the appearance of chromosomes in the 
two maturation divisions. In the second 
of these he saw that the chromosomes 
resembled those of an ordinary mitosis, 
and hence he called it a homeotypic division. 
He also observed that the chromosomes 
of the first were different and called this 
division heterotypic. Unfortunately, most 
of the later writers have considered the 
heterotypic and reduction divisions as 
synonymous. Flemming’s description did 
not involve this association but it has be- 
come so firmly established as to render 
the use of the terms heterotypic and 
homcotypic undesirable. 

As a matter of fact the chromosomes 
of the second maturation division re- 
semble those of an ordinary mitosis be- 
cause they are identical in structure. 
In each case, a chromosome at meta- 
phase is composed of two similar parts 
or chromatids. The chromosomes at the 
first maturation division, on the other 
hand, are actually composed of four 
similar parts or chromatids, whether or 
not they are visible, hence the appearance 
is different. The two chromatids which 
go to each cell at the first division may 
be derived from different parents or may 
be each one-half of a parental chromo- 
some: as will be shown later, unless 
there is a morphological or physiological 
difference between the homologues it is 
impossible to determine which is the 
case. 

Weismann in 1887, in an essay based on 
Roux’s work of 1883, put forward what is 
now known as the Roux-Weismann hy- 
pothesis which holds: (i) the chromatin 


is the physical basis of heredity; (1) it is 
differentially organized; and (3) the dif- 
ferentiated units arc linearly arranged. 
In order to maintain a constant number 
of “ids,” Weismann saw that reduction 
of number must occur before fertilization; 
otherwise, the number would be doubled 
at each generation. He predicted that 
reduction would be found to occur during 
maturation and that one of the divisions 
would be distinguishable in form from 
the other. He suggested two ways in 
which this reduction might occur, either 
by a sorting out of chromosomes into two 
similar groups, one of which would go to 
each pole without division of the con- 
stituent chromosomes, or by a transverse 
instead of a longitudinal division of each 
individual chromosome. For the intrin- 
sic process, whatever the method, he 
proposed the term reduction division. The 
ordinary longitudinal division was al- 
ready known as an equation division. 

This paper appeared simultaneoasly 
with that of Flemming in which he de- 
scribed the first maturation division as 
hetero typical. 

We have then these facts established; 
(i) the body cells and unripe germ cells 
of most organisms contain twice as 
many chromosomes as the mature germ 
cells; (2.) the reduction in number is 
effected during maturation, and (3) the 
diploid number is restored by the union 
of the germ cells to form a new individual. 
The foregoing presupposes that the chro- 
mosomes are self-perpetuating bodies 
which grow and reproduce themselves, 
but never lose their individuality al- 
though, of course, they may change their 
appearance. 

Van Beneden’s report (’83) that egg 
and sperm of Ascaris megaloctphala each 
contribute one half of the chromosomes 
which arc present in the ceils of the early 
embryo contained the inherent idea of a 
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persistent individuality. Rabl C’85) was 
the first, however, to definitely study the 
chromatin in its diffused condition in 
order to determine the behavior of the 
chromosomes in the formation of the so^ 
called nuclear network. He concluded 
that the chromosomes preserve not only 
their identity but largely the grouping 
which they had at the end of the preced** 
ing division. While the chromosomes 
do form fine anastomosing branches which 
give the appearance of a network, criti- 
cal study of the conformation of such a 
nucleus revealed the areas occupied by 
individual chromosomes and that during 
condensation the chromatic substance 
contracted and the chromosomes assumed 
definite form again in approximately the 
same position which they had occupied 
at the beginning of the process. Rabl’s 
paper was based on his study of the body 
cells of Salamandra maculata (Rabl) and still 
deserves to rank as a masterpiece of early 
cytological literature along with those 
of Flemming, Van Beneden and Boveri. 
However, the clean cut and persistent 
work of Boveri, from 1888 on for a num- 
ber of years, did most to establish the 
concept of chromosome individuality. 
Thus the foundation for the chromosome 
theory of heredity was laid within the 
five year period from 1883 to 1888. 

Much of the work since has been con- 
cerned with the manner and time of re- 
duction. Almost every conceivable mech- 
anism has been sponsored at one time 
or another. According to Weismann’s 
hypothesis each chromosome was com- 
posed of ids, and each id contained deter- 
miners for the sum of all the characters of 
the organism. The chromosomes, there- 
fore, would differ from one another only 
in so far as there was variation in a 
species since they would represent dif- 
ferent lines of ancestral germ-plasm. 
Even many of the early cytologists agreed 


with this view that the chromosomes were 

essentially alike both qualitatively add 
quantitatively. 

III. MORPHOLOGICAL AND PHYSIOLOGICAL 

DIPFERENCES BETWEEN CHROMOSOMES 
DEMONSTRATED 

Three papers which appeared in 1301 
and 1901 undermined this view. Two of 
these, one by Boveri and the other by 
McClung, strongly indicated functional 
differences. The other by Sutton clearly 
demonstrated morphological distinctions. 

Boveri studied the larvae of sea-urchins 
in which the normal combination of 
chromosomes had been altered by means 
of double fertilization. He found 36 
chromosomes in the normally fertilized 
eggs of the species with which he worked, 
18 of which were contributed by each 
parent. Eggs which had received two 
sperm had another set of 18, which gave 
54 chromosomes. When these had split 
for the first cleavage there were 108. 
Double fertilized eggs usually formed 
four, or occasionally three, cells (blasto- 
meres) at the first cleavage. If the chro- 
mosomes happened to be distributed 
equally in the case of four cells each would 
receive zj, which would be less than the 
normal number, 36. As a matter of fact 
they were not distributed equally. Some 
cells received more than 36, others cor- 
respondingly less. Normal embryos ap- 
peared very rarely. As Boveri knew 
from experiments with enucleate frag- 
ments of egg and artificial partheno- 
genesis that the reduced set of chromo- 
somes contributed by the sperm or egg 
alone was sufficient to cause normal 
development, he concluded that each 
blastomere formed by the first cleavage 
of these “normal” larvae had received 
at least one complete haploid set. In 
such larvae all of the parts were presdnt 
and fully developed but different thirds 
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or fourths showed individual variations 
which normally could be found only in 
different specimens. Ordinarily the plu- 
tei were not normal but the different 
thirds or fourths could be recognized as 
coming from a given one of the original 
blastomeres. One part would be normal 
for example, as regards skeletal develop- 
ment, while others would lack any 
trace of a skeleton. Furthermore, it 
was known that the first four cells 
formed by cleavage might be separated 
from each other and that such isolated 
blastomeres from a normally fertilized egg 
developed exactly alike while those from 
a doubly fertilized egg very rarely did. 

From these facts Boveri concluded, to 
translate literally, that: Not a given 
number but a given combination of chro- 
mosomes is necessary for normal develop- 
ment and that this can mean nothing 
else than that the individual chromosomes 
must possess different qualities. 

McClung had previously reported the 
occurrence in the Orthoptera of one 
chromosome, called the accessory, which 
differed from the others during spermato- 
genesis both in behavior and in distribu- 
tion in such a manner that half of the 
mature sperm possessed and half lacked 
this chromosome. In 1301 he put for- 
ward his hypothesis that this chromosome 
was a sex-determinant and thus for the 
first time suggested an association be- 
tween a particular chromosome and a 
particular character or group of characters. 

Shortly afterward Sutton (’02.) published 
his critical analysis of the morphological 
characters of the chromosome group of 
the short-horned grasshopper, Brachy- 
sula magna. He showed that the diploid 
group of twenty-three was made up of 
two morphologically equivalent size 
series of eleven members each with one 
additional chromosome, the accessory. 
There were six smaller chromosomes and 


seventeen larger ones; but except for 
the accessory there were always two of a 
size.® In the first spermatocyte, he found 
that each two of a given size had united 
so that the haploid number of chromo- 
somes formed a single size scries. The 
six small ones had paired to form three 
small tetrads; likewise, sixteen of the 
larger ones had united in pairs, leaving 
the accessory without a mate. In the 
second spermatocyte, where the chromo- 
somes again were dyads as in the sperma- 
togonia he readily recognized a single 
haploid series directly comparable to 
either of the size scries of the spermato- 
gonia. As this -was the last division 
before fertilization and the egg was 
known to undergo a similar process, 
Sutton readily concluded that the other 
size series was contributed by the egg. 

As his final suggestion in this paper 
Sutton wrote: ‘ ‘I may finally call attention 
to the probability that the association 
of paternal and maternal chromosomes 
in pairs and their subsequent separation 
during the reduction division as indi- 
cated above may constitute the physical 
basis of the Mendelian law of hered- 
ity”; this view he elaborated a year 
later and it has since received support 
from many lines of work. 

These three contributions by Boveri, 
McClung and Sutton firmly establish tUe 
concept that the chromosomes differ 
both quantitatively and qualitatively. 

IV. GENETICAL EVIDENCE OF QUALITATIVE 
AND QUANTITATIVE DIFFERENCES 
BETWEEN CHROMOSOMES 

The confirmation of these views by 
combined genetical and cytological stud- 
ies is too well known to need much dis- 
cussion. Two of the best known in- 
stances of such correlated studies are those 
on the fruit-fly. Drosophila, by Morgan 
and his group at Columbia, and on the 
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jimson weed, Datura^ by Blakeslce and 
Bcliing at Cold Spring Harbor. 

In Drosophila mslanogaster the difloid 
chromosomal complex consists of two 
large pairs, one small pair and the sex 
chromosomes, xy in the male and xx in 
the female. From genetical studies the 
behavior in heredity of some hundreds of 
characters is known. These characters 
fall into four groups, a large one which is 
sex-linked and where the characters fol- 
low the same sort of distribution as the 
sex chromosomes, one small group known 
to be associated with the small pair and 
two large non-sex-linked groups which 
correspond to the two large pairs. 

In the jimson weeds, the haploid com- 
plex consists of twelve chromosomes, 
but Blakeslee and Belling have obtained 
plants which instead of being diploid 
are triploid; that is, they have three 
complete sets of chromosomes. During 
maturation two of the three chromo- 
somes of a set go to one pole and one to 
the other, the distribution of the different 
sets taking place at random. The gam- 
etes, therefore, contain various different 
combinations, so that on recombination 
during fertilization it is possible to get 
various assortments. By patient work, 
Blakeslee, Belling and their associates 
have sorted out twelve mutants, each of 
which has a different set of chromosomes 
in the triploid condition, while the other 
chromosomes are present in the normal 
diploid sets. It is possible to know their 
chromosomal constitution from a superfi- 
cial study of these mature plants. 

V. OPPONENTS OF THE CHROMOSOME THEORY 
OF HEREDITY AND THEIR THEORIES 

Notwithstanding such clear cut sup- 
port for the chromosome theory of hered- 
ity, a certain group of workers have been 
ready to take the opposite side of the 
argument; that is, they are sceptical as 


to the chromosomes preserving their 
individuality from one cell generation^ to 
another or even having individuality at 
any time. Likewise, they are not will- 
ing to grant that the chromatin is the 
physical basis of heredity. Meves, Pick 
and Della Valle are among the leading 
opponents of the chromosome theory of 
heredity and their views may be men- 
tioned briefly. 

Meves (’96, ’ii) holds that each species 
inherits the capacity to produce a given 
number of chromosomes from the chroma- 
tin of the resting nucleus of the body 
cells and to form half that number in the 
germ cells at maturation, just as it in- 
herits the ability to develop other charac- 
ters belonging to the species. 

According to Della Valle C*ii), the 
chromosomes arise de novo from the 
resting nucleus after the manner of the 
formation of liquid crystals, their size 
being due to a physico-chemical quality 
of the chromatin and their numbers to 
the quantity of chromatin present. This 
theory does not account for the fact that 
the chromosomes, at their maximum 
density within the cell, attain various 
sizes in most species, nor does it explain 
why the gametocytes, the nuclei of which 
are much larger than any others in the 
body, should have only half as many 
chromosomes. 

Fick ('05) has a similar conception 
which he has advanced as the ‘ ‘Manoeu- 
verian hypothesis;” he claims that the 
chromosomes which appear at each cell 
division are de novo “tactical formations” 
of the chromatin comparable to the ma- 
noeuvers of a military body. The force 
which is assumed to direct these manoeu- 
vers is again a physico-chemical one. 

The objection to such hypotheses is 
that they do not fit the facts. For a 
discussion of the subject the reader is 
referred to papers by Wilson Qo% ’10), 
McClung C’17), and Parmenter (’19). 



SEGREGATION OF HOMOLOGOUS CHROMOSOMES 


VI. VARIOUS THEORIES AS TO SYNAPSIS 
* AND SEGREGATION OF HOMOLO- 
GOUS CHROMOSOMES 

Let US return to a consideration of the 
work of those who regarded the chromo- 
somes as persistent and self-perpetuating 
physical entities. 

Riickert (*91) and others held that the 
chromosomes before any cell division, 
greatly elongated into fine, coiled threads 
which became associated end-to-end to 
form a continuous spireme. In the case 
of ordinary cell division this spireme 
segmented into the diploid number of 
chromosomes, but at the time of matura- 
tion it segmented into the haploid num- 
ber. During the first maturation divi- 
sion, the chromosomes were supposed to 
divide in the same manner as in the body 
cells, i.e., by means of a longitudinal 
split. The second division was held to 
be transverse so as to reduce the number 
of different ancestral germ-plasms, used 
in Weismann’s sense. Weismann himself 
expected reduction to occur at the second 
maturation division because the diploid 
number of chromosomes was known to 
be present in certain parthenogenetic eggs 
which form but one polar body. 

O. Hertwig (’90), Boveri (’89), and 
Brauer C’93), were among the first to 
report that the chromosomes are split 
twice longitudinally as they enter the 
maturation divisions. For this reason 
they at first denied the existence of a re- 
duction division which, under the concep- 
tion of the time, seemed to involve a 
transverse division. However, the work 
of Winiwarter (’00), the Schreiners (’06) 
and others made it apparent that only one 
of the spaces was due to a split, while 
the other was the space between the 
members of a pair that were associated 
side-by-side instead of end-to-end. Thus, 
they clearly showed that a reduction di- 


vision in Weismann’s sense would be one 
which separated the parts derived from 
different parents. 

Some assumed that two separate spi- 
remes were formed, each by the end-to- 
end union of the chromosomes derived 
from a given parent. These spiremes first 
split, then conjugated side-by-side, and 
finally discontinued the end-to-end as- 
sociation so as to leave the haploid num- 
ber of chromosomes (tetrads); the four 
parts of each of these were separated 
longitudinally in planes at right angles 
to each other. Others, chiefly Vejdov- 
sky (’07) and Bonnevie (’08) believe that 
the chromosomes completely fuse longitu- 
dinally and that the resulting body then 
splits twice lengthwise so as to give four 
equal parts which, however, are not 
comparable to the halves of the conju- 
gating chromosomes. 

The view most generally held at pres- 
ent is that no continuous spireme is 
formed but that the homologous chro- 
mosomes unite. According to some, the 
association is end-to-end (telosynapsis); 
to others, side-by-side (parasynapsis). 
While both types of synapsis may exist 
it is significant that parasynapsis has 
usually been reported wherever the stages 
which directly follow the last spermato- 
gonial or oogonial anaphase have been 
studied in detail from favorable material. 

A. and K. E. Schreiner (06) presented 
the first convincing support of this view 
in their work on the annelid, Tmoperus. 
Wenrich (T6) published one of the most 
authoritative pieces of evidence for para- 
synapsis. In Fhrynotettix magnus, a short- 
homed grasshopper, he was able to trace 
three well marked pairs of chromosomes 
from the spermatogonia through the 
growth period to the first maturation 
division. 

Both McClung and Robertson were at 
first led to favor telosynapsis by their 
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studies of prophases of the first sperma- 
tocytes of short-homed grasshoppers, but 
changed their views when they carried 
their studies back to the more difficult 
stages which immediately follow the last 
sperm atogonial division. 

Among the most ardent advocates of 
an end-to-end union today are the Oeno- 
thera cytoiogists, Davis, Gates and Cle- 
land. In every figure which they have 
published it is granted that dyads are in 
end-to-end union; but these figures all 
represent stages which just precede the 
first maturation division — and this is 
exactly the phase which at first led 
McClung and other competent cytoiogists 
to favor telosynapsis, even in a group as 
exceptionally favorable for cytological 
work as the grasshoppers. There is not 
one satisfactory figure of the stages which 
immediately follow the last pre-matura- 
tion division. 

On the other hand, since 1504 Gregoire 
has consistently argued for parasynapsis 
in the flowering plants, and no case of 
telosynapsis can be considered as satis- 
factorily demonstrated by studies on 
material fixed in such a manner as to give 
the artificial clumping of chromatin in 
a more or less solid mass at one side of 
the nucleus, known as synizesis. Such 
a fixation renders it impossible to study 
the very stages at which parasynapsis 
would be expected to occur. The later 
end-to-end association may be only the 
final stage of disunion between chromo- 
somes which were originally synapsed 
side-by-side. 

Both types of synapsis may occur, but 
as we shall see presently, the question of 
the occurrence of either type is im- 
material in a determination of time of 
segregation. In the meanwhile, let us 
orient ourselves by consideration of some 
general questions. 


VII. GENERAL QUESTIONS INVOLVED 

In the first place, what is the object 
of synapsis? The purpose which first 
appealed to me as self-evident is fully- 
expressed by the following quotation 
from one of Sutton’s papers (’01, p. 3^)- 
“There is, therefore, in Brachystola no 
qualitative division of chromosomes but 
only a separation of the two members of 
a pair .... by the light of this con- 
ception we are enabled to see an explana- 
tion of that hitherto problematical proc- 
ess, synapsis, in the provision which it 
makes that the two chromosomes repre- 
senting the same specific characters shall 
in no case enter the nucleus of a single 
sperm or mature egg.” This still seems 
to me the basic necessity back of synap- 
sis. The phenomenon known as cross- 
ing-over occurs during the process, either 
by means of chiasmatypie or otherwise, 
but this, in my opinion, is an incidental 
result rather than a fundamental purpose. 

The next question which logically pre- 
sents itself concerns the necessity for two 
maturation divisions; if the preceding 
assumption is correct, one would evi- 
dently be sufficient for the purpose of 
segregation. I would suggest that the 
occurrence of an extra division is per- 
haps simpler than an alteration in the 
very mechanism of division. At a given 
stage of mitosis, probably the telophase, 
the chromosomes normally split in an- 
ticipation of the next division with the 
result that each member of a pair is al- 
ready split before they synapse. It 
would seem that this normal split would 
have to be suppressed or two divisions 
must take place to distribute the four 
parts present after synapsis. On the 
basis of this explanation, another split 
might be expected during the telophase 
of the first maturation division. How- 
ever, the chromosomes are already dyads 
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and this condition may be sufficient to 
inhibit a further splitting. 

Finallf, we may be asked why we are 
concerned as to which division separates 
homologues, especially since the two 
divisions distribute each of the four chro- 
matids of a tetrad to different germ cells. 
For a dyed-in-the-wool scientist, a satis- 
factory answer is that we desire to know 
the truth. For those who have never 
known the thrill of establishing a scien- 
tific fact, there is also a sufficient answer. 
Since the chromatin is now generally 
accepted as being the physical basis of 
heredity, it is clearly desirable to deter- 
mine as accurately as may be its behavior 
during maturation and fertilization since 
only with accurate knowledge of the 
usual behavior is it possible to detect 
variations which may be, in part, the 
mechanism of evolution, and to deter- 
mine experimentally, if not the causes 
which operate in nature, at least others 
which will produce effects. Among the 
more drastic measures with which the 
laboratory worker is inclined to experi- 
ment may be mentioned radium. X-rays 
and alcohol. Others which approach 
nearer the experiments of nature seem to 
me to be more likely to render significant 
results. Chief among these is an en- 
forced change of food habit, such as a 
drought or accidental landing in a new 
habitat might cause. In the light of 
our present knowledge of various vita- 
mines, calcium metabolism, etc., this 
seems one of the most promising lines of 
work. Experiments with extremes of 
humidity and temperature may also be 
expected to yield results. 

Any cause which will produce an effect 
on the chromatin of the germ cells such 
as a permanent multiple association, a 
shift of spindle fiber, or a change in the 
size of a chromosome (all of which arc 
known) or some less tangible effect which 


may cause segregation at one division 
rather than another may be expected 
to ^produce physiological as well as 
morphological changes. If these are 
produced for a single season in any con- 
siderable portion of a population they 
will perpetuate themselves provided they 
are not detrimental, for this is not a ques- 
tion of inheritance in the usual sense, but 
of actual physical transmission. 

VIII. DIXECT EVIDENCE AS TO THE TIME 
OF SEGREGATION 

Let US next consider the facts in regard 
to the time of segregation. Obviously, 
given a side-by-side union of morpholog- 
ically similar, split homologues, it is 
quite impossible to tell which two of the 
four threads have come from a given 
parent. This is especially true because 
the larger pairs form 8-shaped figures in 
which the strands are separated two-by- 
two in planes at right angles to each other 
in such a manner that the threads which 
are together in one loop are apart in the 
next (fig. I, A). Even the smallest tet- 
rads pass through a stage where the four 
chromatids are arranged in the form of a 
cross with equal arms (fig. i, E), while 
some develop modified ring and cross 
forms (fig. I, C and D). Such figures 
as these are typical of the late prophase 
preceding the first maturation division in 
both animals and plants, though they 
have frequently been misinterpreted. The 
unprejudiced reader, I am sure, will 
readily admit that it would not be pos- 
sible in any of these instances to say 
which two of the four chromatids of 
any one of these tetrads has been trans- 
mitted by the mother and which two by 
the father. Yet most cytologists whose 
work has dealt with these stages have 
taken sides in favor of either pre-reduc- 
tion (segregation at the first) or post- 
reduction (segregation at the second 
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maturation division). The conclusions 
in practically every instance have been 
based on attempts to distinguish bet^yeen 
the space which results from a longitu- 
dinal cleavage of the chromosomes and 
that which separates the synapsed mem- 
bers. 

As might be expected, the attempt to 
determine the facts by such uncertain 
means has not resulted in agreement. 
Some of the advocates of telosynapsis 
have favored pre-reduction [notably Mont- 
gomery (’oi), Farmer and Moore (05) 


for forms like that represented at figure 
I, D, but it is not so convincing when we 
consider figure i, A, where the chromatids 
which are together in one loop Qa) are 
clearly separate in the next ® . Wenrich 
('16) was the first to take the position 
that either pre- or post-reduction may 
follow parasynapsis. 

As already indicated, Wilson and Mc- 
Clung argued for telosynapsis and post- 
reduction in their earlier papers. Later 
they became convinced that parasynap- 
sis is at least the most usual method of 
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Fig. I. Ttpical Tetrad Forms Found nsr the Prophasb op the First Maturation Division 

Note the four parts (chroniatids) of each. (From camera lucida drawings of first spermatocyte prophases 
of three species of grasshoppers.) 


and the present Oenothera cytologists] 
others post-reduction (see the papers 
prior to 1312 of McClung, Sutton and 
Wilson). The adherents of parasynap- 
sis have shown more unanimity in sup- 
port of pre-reduction [Winiwarter (oo), 
Gregoire (07), the Schreiners C’08), 
Janssens (’05) and Robertson (’16)]. In 
general they have assumed that the 
chromatids open out along the space be- 
tween the homologues more readily than 
along the plane of the longitudinal cleav- 
age. Such a view might seem logical 


union and that it is impossible to deter- 
mine which division is equational and 
which is rcductional from a study of 
the relations of morphologically similar 
chromatids. 

Fortunately considerable direct evidence 
is available from several sources, (i) 
Heteromorfhk homologues, Homologues oc- 
casionally differ morphologically. In 
such cases, it is only necessary to obtain 
individuals in which the members of a 
pair are heteromorphic and study the 
distribution of the parts of the resulting 
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tetrads during the two maturation divi- 
sions. (2.) Dyads (except sex-chromosomes) 
present at first maturation division. Dyads 
may be present cither as a result of the 
failure of homologues to conjugate or 
on account of an upsetting of normal 
conditions such as occurs in Datura, 
(3) Sex-chromosomes, These may be either 
an X-Y pair, the members of which are 
morphologically different, an unpaired X 
or accessory chromosome or a hexad 
multiple. (4) Genetkal evidence. In cer- 
tain species of Sphaerocarpos the four 
spores formed by the division of a spore 
mother cell remain together at maturity. 
Allen has demonstrated that the sex de- 
termining mechanism is an X-Y pair and 
has obtained evidence as to the time of seg- 
regation in clones derived as above through 
studies of the mode of inheritance of a 
pair of characters, the determiners for 
which are carried by another pair of 
chromosomes. 

(i) Heteromorphic homologues. The het- 
eromorphism between homologues so 
far reported has been of three types: (a) 
difference in size, (b) difference in point 
of spindle fiber attachment and (c) dif- 
ference in contour due to constriction. 

(a) The first of these to be reported 
was a size difference between homologues 
in three species of short-homed grass- 
hoppers (Carothers, ’13). In this group 
there are twelve pairs of chromosomes in 
the female and eleven pairs and one 
without a mate (the accessory or sex- 
chromosome) in the male. It is custom- 
ary to number these pairs from one to 
twelve beginning with the smallest. 
To date, size differences between homo- 
logues have been reported for the first 
four pairs. The individuals belong to 
nine genera though it would be possible 
to greatly extend this number by work- 
ing over the material in the McClung 
collection. 
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My own work, to which reference was 
just made, dealt with the second pair 
in me species and the third pair in the 
other two. Certainly in a vast majority 
of the cases, segregation occurred at the 
first maturation division. Robertson 
C’15) reported a similar condition and 
behavior in two other species; in one of 
these, the first pair was involved, in the 
other the fourth. Neither Robertson nor 
myself were primarily interested in the 
time of segregation and it is quite pos- 
sible, in my own work at least, that 
occasional segregation at the second 
division may have been overlooked. 
However, a later, somewhat hasty review 
of the slides on which my work was based 
failed to reveal any case of post-reduc- 
tion of the members of the unequal pair, 
so, in table i, I have recorded these five 
instances as giving 100 per cent pre- 
reduction. 

Wenrich (’16) in a very detailed study 
of the spermatogenesis of thirteen speci- 
mens of Phrynotettix magnusy another 
short-homed grasshopper, found two 
small pairs. One, which he designated as 
“B,” had homologues differing in size 
in eleven out of the thirteen animals. 
Unlike the five preceding instances, the 
homologous members always segregated 
at the second division. The other small 
pair, which he called “C,*’ was composed 
of unequal homologues in seven of the 
thirteen specimens. Furthermore, two 
types of inequality were present. One 
type, “Cl,” occurred in five individuals 
and, as in the case of pair “B,” the mem- 
bers always segregated at the second divi- 
sion. The other type “C3,” was present 
in two of the animals and a count of 318 
first spermatocyte metaphases chosen at 
random gave 50.8 per cent pre-reduction 
and 43.x per cent post-reduction. 

The study of this subject has been 
extended to species in three other genera 
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by the writer in a paper ready for press. 
Certain individuals in all of these have 
one or both of the two smaller pairs 
composed of unequal homologues (ii out 
of 71 Trimerotro-pis citrina for the second 
pair). AmpMtomus bkolor gives over 99 
per cent post-reduction for the homo- 
logues of both pairs. Mecostethus gracilis 
gives 78 to 80 per cent post-reduction for 


reduction, and one 50 per cent pre-reduc- 
tion and 50 per cent post-reduction. 
Evidently, segregation occurs with about 
equal facility at either division, but a 
given pair in a particular species behaves 
in a predictable manner. 

(b) Heteromofphism dm to shift of spindle 
fiber attachment. Chromosomes through- 
out the plant and animal kingdom are of 
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both pairs and correspondingly 2.0 to vl 
per cent pre-reduction. Trimerotropis cit- 
rina shows 95 per cent pre-reduction for 
the first pair and 90 per cent post-reduc- 
tion for the second. 

Thus, out of fourteen pairs of chro- 
mosomes with homologues which differ 
in size, six show 95 to 100 per cent pre- 
reduction, seven 78 to 100 per cent post- 


two types as regards point of spindle fiber 
attachment and this point shows com- 
plete correlation with the shape of the 
chromosome; i.e., rod-shaped chromo- 
somes have terminal fiber attachment, and 
V- or J-shaped chromosomes have the 
fibers inserted at the apex of the bend. 
Ordinarily, homologous chromosomes 
have similar points of fiber attach- 
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ment. The only exceptions, so far re- 
ported, are found in certain species 
confined to two genera of grasshoppers. 
A combined genetical and cytological 
study of one of these species, Circouttix 
vmaculatus (Carothers, ’zi), demon- 
strated that the point of fiber attachment 
is constant from parent to offspring. In 
this species, three pairs of chromosomes 
may be heteromorphic. They are num- 
bers one, seven and eight. Of course, 
the presence of a heteromorphic pair in 
one individual presupposes the existence 
of other individuals in which the homo- 
logues would be homomorphic. This be- 
comes clearer on examination of figure i, 
which summarizes the results obtained 
from five matings so far as the three 
potentially heteromorphic pairs are con- 
cerned. The three vertical groups num- 
bered 8, 7 and i correspond to the pairs 
of chromosomes under consideration. 
The numbers on the left margin indicate 
the mating. The chromosomes of the 
male parent are represented on the left 
of each group, those of the female next, 
and finally the numbers of male offspring 
obtained and the various chromosomal 
recombinations shown by them. If we 
partly analyze mating number 14, for 
example, we see that both parents were 
heteromorphic for the eighth pair. They 
would both, therefore, form two types of 
gametes so far as this pair of chromosomes 
is concerned. In one type it would be 
present as a rod, in the other as a V. 
Chance union of these gametes would 
give the well known Mendelian dihybrid 
ratio, i:z:i. The numbers actually 
obtained, two homomorphic for Vs, six 
heteromorphic and four homomorphic 
for rods, approximate this ratio as closely 
as could be expected from a family of this 
size. This text-figure is reproduced from 
my 1911 paper at the cost of some digres- 
sion since it has a bearing on several 
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points discussed in the present paper. 
Among these is the persistent identity 
of chromosomes from parents to offspring, 
the segregation of the members of a pair 
into different gametes and their recom- 
bination in the offspring according to the 
laws of chance. 

Heteromorphic pairs like these where 
the difference is one of spindle fiber in- 
sertion, always, so far as known, segregate 
at the first maturation division. I am 
inclined to think that the reason for this 
is to be found in the mechanical condi- 
tions involved. Certainly it does not 
follow that when the homologues are 
homomorphic of either type (Vs or rods) 
they also segregate at the first division. 
We have already seen that rod-shaped 
homologues run the complete scale of 
possibility as to time of segregation and 
there is no reason for supposing that 
those which are V-shaped do not behave 
in a similar manner. 

(c) The third type of heteromorphism 
mentioned, that due to a constriction, is 
represented in mating number z by one 
homologue of the seventh pair in the 
female and is also present in her one 
male offspring. Such a homologue when 
associated with either a rod or V-shaped 
mate always undergoes pre-reduction. 

(z) Dyads (excep ssx-chromosomes^ pres- 
ent at first maturation division. The un- 
equal homologues of the second pair in 
T. citrina occasionally fail to synapse or 
else separate so precociously that they 
lose all orientation in regard to each 
other by the time of the first maturation 
metaphase. At all events, they enter 
this stage not as a tetrad but as two dyads, 
and their ensuing behavior appears to be 
purely a matter of chance. They may 
pass to the same pole or to opposite poles 
without division: or, either one may 
divide and the other pass to one pole 
undivided; giving, in effect, a reduction 
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Fig. X . Circotsttix verrnculatus. A Condensed Arrangement Showing the Morphology or the Three Criticai, 
Pairs of Chromosomes in the Parents of Each of Five Matings and Their Male Offspring 
WITH THE Number of Individuals in Each Class 

The chromosoincs of the male are represented on the left; those of the female on the right. In mating 
no. 17, where the form of the chromosomes of the female can only be hypothesized, they arc represented in 
outline. 



SEGREGATION OF HOMOLOGOUS CHROMOSOMES 


433 


division for one and an equation division 
for the other: or, both may divide. In 
the last case and all others where they 
enter the second maturation division as 
monads they do not divide again but 
simply pass to one pole at random. This 
erratic behavior lends point to the sug- 
gestion made in the earlier part of this 
article that synapsis is primarily for the 
purpose of insuring the distribution of 
one chromatid of every tetrad to each 
mature germ cell; and it also appears that 
the two maturation divisions act as a 
unit process to secure this result, rather 
than that cither one is especially for the 
purpose of segregation. 

On the other hand, in the Oenothera and 
Datura mutants where the normal com- 
plex has become unbalanced, the extra 
dyads are reported to segregate uniformly 
at the first division. To demonstrate 
that such behavior is invariable would 
require a rather extensive study. 

(3) Sex-chromosomes. McClung(’oi, 'oi) 
put forward a hypothesis of sex-deter- 
mination which is now generally ac- 
cepted. The chromosomal mechanism on 
which this hypothesis was based may be 
made clear if we consider its operation in 
the short-homed grasshoppers . The males 
in this group have twenty-three chromo- 
somes, eleven pairs and the unpaired acces- 
sory or sex-detenninant . The females have 
twenty-four chromosomes, twelve pairs. 
(The accessory has a mate in this sex). 
After maturation the eggs all- contain 
twelve chromosomes; the sperm on the 
other hand are of two sorts, one with 
eleven chromosomes and the other with 
twelve. The union of one of the latter 
with an egg results in a complex of twenty- 
four chromosomes, and the egg develops 
into a female, while fertilization with a 
sperm bearing eleven chromosomes gives 
a group of twenty-three chromosomes, 
and a male is produced. 


At the first maturation division in the 
male, each of the eleven tetrads divides, 
the accessory passes into one of the re- 
sulting Cells without division. In effect 
this is pre-reduction for the accessory 
chromosome and results in two types of 
second spermatocytes, one with eleven 
dyads and the other with twelve. Dur- 
ing the second maturation division each 
of these cells gives rise to two of its own 
type except that the chromosomes are 
now monads instead of dyads. 

The hexad multiples are formed by the 
union of the accessory with one homo- 
logue of an ordinary pair and always 
undergo pre-reduction. 

The squash bugs, also, have an unpaired 
accessory in the male but it divides at 
the first maturation division along with 
the tetrads so that ail the second sper- 
matocytes are alike. During the second 
maturation division the dyads separate 
to form monads but the accessory is 
already a monad, hence, it passes into 
one of the daughter ceils without divi- 
sion, so that, as in the grasshoppers, two 
types of sperm are formed but in this 
instance the accessory undergoes post- 
reduction. 

In many organisms there is a slight 
modification of this sex-determining mech- 
anism where the accessory has a synap- 
tic mate (Y) in the male. The two arc 
morphologically distinct and arc known 
as the X-Y pair. The end result is again 
two types of sperm, one bearing Y, 
which is male-producing, and one bearing 
X, which is female-producing. The X-Y 
pair, also, may undergo either pre- or 
post-reduction. Wilson in his recent 
book lists forty species, extending from 
insects to mammals, reported to have an 
unpaired accessory, which undergoes pre- 
reduction in thirty-two of the species, 
and post-reduction in eight, while of 
thirty-three species having an X-Y pair 
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pre-reduction is reported for twenty- 
and post-reduction for thirteen. 

The recent work on sex-chromosomes 
in plants is not yet extensive chough to 
justify comparisons as to time of segrega- 
tion. 

(4) Genetkal evidence. Botanical cytol- 
ogists have stood almost as a unit in 
favor of pre-reduction; it is, therefore, 
of especial interest that Allen C24) was 
forced by his genetical work on S-phaero- 
carpos to the conclusion that the most 
reasonable inference from his facts was, 
“that in some way qualitative segrega- 
tion can be brought about in both divi- 
sions.” A clear presentation of his facts 
would require considerable space and 
anyone sufficiently interested can acquire 
them from the original paper. 

From the foregoing facts it is evident 
that neither maturation division can 
rightly be called a segregation, or reduc- 
tion, division. The members of a given 
pair may possess a tendency to segregate 
at one division in preference to the other. 


but this is seldom a fixed condition. 
The two maturation divisions are essen- 
tially a unit process and segregation may 
occur in either. 

My hope in presenting this article is 
(i) that the public may gain a clearer 
conception of the fundamental principles 
involved in the process of maturation* 
(z) that cytological workers will be* 
deterred from making definite statements 
that either pre- or post-reduction occurs 
in the material with which they happen 
to be working unless it is possible to 
identify the contribution of the two 
parents for each particular pair of which 
they speak; and, finally, (3) that teachers 
will grasp the idea that the maturation 
divisions are really a unit, and cease 
to tell the much-abused freshman that 
one maturation division is for the pur- 
pose of segregation and the other is 
superfluous. 

(I am greatly indebted to Dr. H, B. 
Baker and to Dr. D. H. Wenrich for 
valuable criticism of this manuscript.) 
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ELEVEN thousand GENERATIONS OF 
PARAMECIUM 

By LORANDE LOSS WOODRUFF 
Osborn Zoological Laboratory^ Yak University 


C AN unicellular animals re- 
produce indefinitely with- 
out recourse to fertilization? 
This was the question to 
which an answer was sought when the 
experiment to be summarized was begun 
nineteen years ago. The consensus of 
opinion at that time, based chiefly on the 
work of Biitschli, Maupas, Hertwig, and 
Calkins, was that fertilization is a sine pa 
non in the life history of the Infusoria (i). 
The conclusion usually, and I believe 
rightly, drawn from the data available to- 
day, largely from the following experiment, 
is that fertilization plays no indispensible 
r 61 c in the life history of Infusoria when 
subjected to entirely favorable environ- 
mental conditions (i). This conclusion, 
it may be noted, docs not deny that fertili- 
zation has a stimulating function. 

On May ist, 1907, a pedigree culture of 
Paramecium amelia was started with a 
“wild” individual and has been main- 
tained by the isolation of certain of its 
progeny practically every day, with the 
exception noted below. The number of 
divisions has been recorded at each isola- 
tion and has afforded a continuous series 
of data for the study of the reproductive 
activity of the culture. Throughout the 
experiment some of the animals discarded 
from the lines at the daily isolations have 
been fixed, stained, and mounted as per- 
manent preparations for the study of the 
cytological changes during the life his- 
tory. The culture medium for the first 
eight months of the work consisted of 
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infusions of hay and fresh grass, but from 
February, 1908, to the present time various 
materials collected from ponds, swamps, 
etc., have been employed. The infusions 
have invariably been thoroughly boiled to 
prevent the contamination of the pure 
culture with foreign strains of Paramecium, 
The possibility of conjugation occurring 
in the culture has been precluded by the 
almost daily isolation of the products of 
division. In short, the animals of the 
culture today are direct lineal descendants, 
without fertilization, of the single animal 
isolated in 1907 (3). 

In this manner the pedigree culture was 
carried for eight years, during which 5071 
generations were attained, and then (May 
I, 1915), the experiment was considered 
formally closed with the statement that 
the organisms of the present generation 
are in as normal morphological and physi- 
ological condition as the original individ- 
ual isolated to initiate the culture. The 
study has indicated that under favorable 
environmental conditions the protoplasm 
of the progenitor of the culture possessed 
(at least) the potentiality to produce 
similar cells to the number represented by 
1 raised to the 5071st power, or a volume 
of protoplasm greatly exceeding 
times the volume of the Earth. I believe 
this result indicates beyond question that 
the protoplasm of a single cell may be self 
sufficient to reproduce itself indefinitely, 
under favorable conditions, without re- 
course to fertilization (4). 

However, with this conclusion secure, 
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TABLE I 


Kicord af the numher of generations attained during each 
year of the life of the culture from May x, 
to May z, z^r/ 


TEAR 

GENERATIONS 

DAILV AVERAGE 
DIVISION RATE 

1 

45 Z 

1.14 

X 

690 

1.89 

3 

613 

1.68 

4 

6ix 

1.67 

5 

661 

1. 81 

6 

691 

1.89 

7 

671 

1.84 

8 

675 

1.86 

Average for 8 
years 

i 634 

1-74 


I was reluctant to discard the race and was 
tempted to keep it under control, but 
without such exacting daily observation 
1000 2poo 


numbers, 11,700 generations attained by 
the culture during the 19 years of its life, 
to date since May x, 1907. The vitality 
of the culture is further attested by the 
fact that it is continuously affording ani- 
mals for various other experimental studies 
on Paramecium at Yale and elsewhere. 

Careful studies of the rate of division 
of sub-lines derived from the main culture 
and bred under the most constant environ- 
mental conditions revealed the fact that 
there are inherent, normal, minor, periodic 
accelerations and depressions of the fission 
rate due to some unknown factor in cell 
phenomena. These were termed rhythms 
(5). In a search for the underlying factors 
of rhythms a complicated internal nuclear 
reorganization process was discovered and 
named endomixis (6). This process, inJ 
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Graph Showing the Rate of Reproduction of the Pedigree Race of Paramecium amelia during the First 

Eight Years of Culture 

The ordinates represent the average daily rate of division of the four lines of the culture, again averaged fo^ 
each month. The vertical broken lines indicate the limits of the calendar years. The figures looo, zooo, etc., 
represent generations and are placed above the periods in which they were attained. 


and recording of the daily division rate. 
Accordingly, it has been kept in this 
manner up to the present time (April, 
1916). But from time to time thirty-day 
tests have been made of the vitality of the 
race under the former rigid culture con- 
ditions, and in each case the same general 
average division rate has been revealed 
as during the first eight years of its life. 
For example, during December, 1915, ^2. 
generations; during December, 1917, 56 
generations; during November, 1910, 54 
generations, and during February, 1916, 53 
generations were attained. On the basis 
of such tests it is fair to make the exceed- 
ingly conservative estimate of 600 genera- 
tions attained each year since May i, 


essence, consists of a gradual disintegra- 
tion and absorption of the macronucleus 
and the formation of a new one from the 
micronuclear apparatus. This results in 
the reorganization of the cell (endomixis) 
without the cooperation of two animals 
involving syncaryon formation (amphi- 
mixis) as in fertilization. 

Endomixis obviously introduces an en- 
tirely new problem, though, of course, it 
in no way affects our former conclusion 
that fertilization, involving syncaryon 
formation, is not intrinsically a necessary 
phenomenon in the life history of the 
organism. Whether endomixis is a neces- 
sary factor for the continuance of the race 
is another question and is now being 
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A NEW WORD FOR AN OLD THING 

Being a review of Behaviorism by John 
B, Watson. New York (People’s In- 
stitute Publishing Co.), 19Z5. 6 x 
8f; viii + 136. $3.00. 

By William Morton Wheeler, Harvard 
University 

In this volume, advertised as “the 
first popular presentation of behavior- 
ism,*’ the author attempts to treat in a 
scries of a dozen lectures, what he seems 
to regard as a new psychological 
dispensation which spurted firom the 
intellects of a group of American in- 
vestigators as recently as 1911. The 
presentation of scientific matter of such 
complexity and alleged novelty before a 
popular audience like that of the People’s 
Institute is an undertaking before which 
an even more enthusiastic, virile and 
combative investigator than Watson 
might quail. And now the old-fashioned 
psychologists are in tears on account of 
the bull’s behavior and the devastation 
he has wrought in their china-shop. 
Both parties are, of course, to blame— 
the china-shop keepers for setting such 
store by their fragile, antique wares 
and their love of exposing them with- 


out adequate safeguards, and the bull 
for smashing them. Perhaps, however, 
the bull is the less culpable, because the 
shopkeepers have of late been too en- 
thusiastically convincing him that he is 
a connoisseur in porcelain. 

Psychology is universally admitted to 
be a queer science, and one can hardly 
fail to observe that its queemess, apart 
from the peculiarities inherent in its 
subjective subject matter, is due in no 
small measure to the mental peculiarities 
of its devotees. When we consider that, 
with very few exceptions, the men who 
have developed psychological science have 
been either philosophers, priests or pseda- 
gogues, or hybrids of all three, its 
strangely inhibited, not to say eunu- 
choidal, aspect is easily understood. To 
put the matter crue, nue, verte et sans 
phrase, these doctrinaire individuals seem 
always to have a horror of admitting to 
themselves and others that they are and 
will always remain individual mammals 
of the Family Hominidas and the Order 
Primates. Their professions require that 
they shall give the impression that they 
subtly vegetate on cloud-banks of ratio- 
cination and pure asexual love and that 
they possess little or no first hand ac- 
quaintance with the instincts, emotions 
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or appetites, not to mention uglier pro- 
pensities. Moreover, these are the very 
castes to whom we consign the edu(Sation 
of the young of our species, and the 
young must, of course, be carefully diverted 
from all curiosity in their abominable 
urges and longings. Hence the concen- 
tration on the most anasmic psychic 
processes — consciousness, sensation, per- 
ception, apperception, memory, atten- 
tion, ideation, volition, etc., and the 
rationalizations, or “thobbing,” to use a 
term recently coined by Henshaw Ward, 
which compels the psychologist to slur 
over the real drives of human nature and 
to pursue his researches and writing, not 
as a scientist, but as a "'verkapper’ 
moralist. Pray, what would present day 
anatomy, physiology and medicine be 
like if the subject matter of these sciences 
had been handled by their teachers and 
investigators in a similar oldmaidish 
spirit? 

After the older generation of psychol- 
ogists had secreted many tons of litera- 
ture as dry if not as dead as Tuthankamen’s 
mummy, at the very time when a host 
of keenly observant novelists were writing 
the most illuminating studies of indi- 
vidual psychology, the youngsters broke 
away and arc now frisking about in the 
less arid pastures of advertising and 
industrial psychology, intelligence test- 
ing, behaviorism, ''Gestalt'^ and psy- 
choanalysis. And the only excitement 
the oldsters can get up in self defence is 
to secrete more literature on such topics 
as the “Crisis of Psychology,” the soul 
and spiritualism (Driesch) or to admonish 
the youngsters to behave themselves in the 
interests of harmony (see the recent 
addresses of Madison Bentley and Miss 
Calkins). Of course Watson, as one of 
the most obstreperous of the youngsters, 
has been so frequently spanked that he has 
by this time undoubtedly developed ischial 


callosities of some thickness. Since 
henceforth the application of the ferule 
in the same locus would be ineffectual 
a more sensitive spot might be sought. 
To the biologist the whole situation is 
replete with fun and confusion. 

The old definition of psychology as 
the science of conscious processes being 
too uninteresting, a new one was sought 
and found a few years ago by some of 
the mandarins, who defined it as the 
“science of behavior.” Naturally all the 
behaviorists at once jumped to the 
conclusion that they were psychologists. 
It is not clear, therefore, why Watson 
and his fellow behaviorists should be 
castigated for agreeing with the psy- 
chologists when they were straining 
themselves, like many modem theo- 
logians, to clothe their old science in 
more “peppy” habiliments. But Wat- 
son may be blamed for his failure to recog- 
nize and present behaviorism as a long- 
established, purely biological discipline. 
His lack of interest in the history of 
science has led him to regard himself as 
the Messiah of a new scientific dispensa- 
tion dating from the year of grace 1911. 
Since it must be terribly humiliating to 
most biologists to feel that they have so 
long overlooked so promising a path 
to salvation, a brief historical exegesis 
may be introduced at this point. 

This is Watson’s definition of be- 
haviorism: 

“Behaviorism, is, then, a natural science 
that takes the whole field of human ad- 
justments as its own. Its closest scientific 
companion is physiology. Indeed you 
may wonder, as we proceed, whether 
behaviorism can be differentiated fi*om 
that science. It is different from physi- 
ology only in the grouping of its prob- 
lems, not in fundamentals or in central 
viewpoint. Physiology is particularly 
interested in the functioning of parts of 
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the animal — ^for example, its digestive 
system, the circulatory system, the nervous 
system, the excretory system, the 
mechanics of neural and muscular re- 
sponse. Behaviorism, on the other hand, 
while it is intensely interested in all of 
the functioning of these parts, is intrin- 
sically interested in what the whole animal 
will do from morning to night and from 
night to morning.” 

Now since man is an animal, his be- 
havior must be animal behavior, and 
the department of biology which deals 
with this was certainly not inaugurated 
fourteen years ago. It may be of no 
particular interest to trace it to Aristotle, 
but we are justified in regarding Reaumur’s 
work on insects, published during the 
first half of the eighteenth century, as 
at the same time the first popular pre- 
sentation and the starting point of modem 
behaviorism. It was known at that time 
as ‘‘natural history” audits outlines were 
rather vague, but Isidore Geoffroy St. 
Hilaire in 1859 clearly outlined its scope 
under the name of “ethology,” and 
Haeckel in 1866 and 1869 even more 
accurately defined it as “Relations-Physi- 
ologie der Thiere,” though he called it 
“oecology.” In 1888 Carl Semper desig- 
nated it as the “Physiologic der Organis- 
men” to distinguish it from the “Physi- 
ologic der Organe,” and in 1894 Burdon 
Sanderson published the following lucid 
statement: 

“Now the first thing that strikes us in 
beginning to think about the activities 
of an organism is that they are naturally 
distinguishable into two kinds, according 
as we consider the action of the whole 
organism in its relation to the external 
world or to other organisms, or the action 
of the parts or organs in their relation 
to each other. The distinction to which 
we are thus led between the internal and 
external relation of plants and animals has 


of course always existed, but has only 
lately come into such prominence that it 
divides biologists more or less com- 
pletely into two camps — on the one hand, 
those who make it their aim to in- 
vestigate the actions of the organism 
and its parts by the accepted methods of 
physics and chemistry, carrying the in- 
vestigation as far as the conditions under 
which each process manifests itself will 
permit; on the other, those who interest 
themselves rather in considering the place 
which each organism occupies, and the 
part it plays in the economy of nature. 
It is apparent that the two lines of in- 
quiry, although they equally relate to 
what the organism el/pes rather than to 
what it is, and therefore both have equal 
right to be included in the one great 
science of life, or biology, yet lead in 
directions which are scarcely even paral- 
lel. So marked, indeed, is the distinction 
that Professor Haeckel some twenty 
years ago proposed to separate the study 
of organisms with reference to their place 
in nature under the designation of 
‘oecology,’ defining it as comprising 
‘the relations of the animal to its organic 
as well as to its inorganic environment, 
particularly its friendly or hostile rela- 
tions to those animals or plants with 
which it comes into direct contact/ 
Whether this term expresses it or not, 
the distinction is a fundamental one. 
Whether with the occologist wc regard 
the organism in relation to the world, or 
with the physiologist as a wonderful 
complex of vital energies, the two 
branches have this in common, that both 
studies fix their attention not on stuffed 
animals, butterflies in cases, or even 
microscopical sections of the animal or 
plant body — all of which relate to the 
framework of life — but on life itself.” 

E. Ray Lankester in 1889 also stressed 
the importance of ethology but called it 
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“bionomics,” a term which has been 
little used. For many years the Germans 
have been employing “Biologic” sksu 
stricto for the same subject, while French 
zoologists, following the lead of Alfred 
Giard, retained St. Hilaire’s designation, 
Emery and Waxweiler speak of it as 
“external physiology” and regard it as a 
preliminary or exploratory science des- 
tined eventually to be absorbed in physi- 
ology proper. That “behaviorism” is 
merely the most recent and most fashion- 
able name for this long-established de- 
partment of biology is sufficiently clear 
from the practical identity of Watson’s 
and Burdon Sanderson’s definitions. It 
may also be recalled, in connection with 
the first sentence of Watson’s definition 
that John Stuart Mill in his Logic (1843) 
preceded St. Hilaire in the use of the 
term “ethology” for the science of human 
character, but since the character of an 
organism is revealed only in its reactions 
to its environment, that is by its behavior, 
there is no fundamental difFerence be- 
tween animal and human ethology. Re- 
cently Bernard Hollander in his volum- 
inous work “In Search of the Soul” 
calls attention to Mill’s use of the term 
and adopts it for what is essentially 
human behavior. 

It is evident, therefore, that there is 
nothing startlingly hovel in the concep- 
tions and methods employed by Watson 
and that both he and the psychologists 
seem to have been duped by a new word 
for an old thing. No doubt their decep- 
tion is also due to the fact that the methods 
of ethological, or behavioristic science 
have proved to be so illuminating that, 
as Watson says (p. 17), “behavioristic 
ifonnulations are becoming central in the 
whole field of what has hitherto been 
called ‘the mental and moral sciences.’ ” 
In other words, ethological methods have 
been so rapidly and so aggressively in- 


vading philosophy, ethics, sociology and 
religion that serious doubts have arisen 
among modem thinkers as to the useful- 
ness of the concepts and methods which 
have been so long employed in those 
domains. Him ilia lacryma on the part 
of the old doctinaires. 

If the foregoing considerations are kept 
in mind it is not difficult to evaluate 
Watson’s work. In so far as it is physi- 
ology of the type known to biologists as 
ethology, or relational physiology, it is 
of the greatest interest and value, not only 
to them but also to the humanists, if we 
use that term to include all students of 
the Hominidae — ^anthropologists, psy- 
chologists, sociologists and ethicists. 
His statements, however, on specifically 
psychological matters cannot be taken 
seriously. The obvious fallacies involved 
in the behaviorist’s rejection of the data 
obtained by introspection in the domain 
of immediate experience have been set 
forth by a number of authors, and most 
recently by E. D. Martin, Driesch and 
Broad. As Driesch clearly states, “Even 
if the behaviorists were right in saying 
that the only class of conscious objects 
are sensations” [Watson would seem not 
to accept even these] “this very statement 
would itself be the result of ‘introspec- 
tion’! And further to what class of 
objects belongs the truth of the behavior- 
istic theory itself, that there is nothing 
but sensations? Is this specific truth 
itself a sensation? The behaviorists 
would hardly dare assert that it is, I 
fancy. So we may say, in short, that the 
behaviorist forgsts himself in his psycholog- 
ical theory. Behaviorism is a good 
method, — ^nay, the only method — ^in ani- 
mal psychology; indeed in this part of 
psychology, all knowledge that is really 
‘psychological’ can be acquired only 
indirectly, never directly, for the move- 
ments of the body are the only things 
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mat are given immediately. But in 
’ vliat we may call the first, the original 
psychology, i.e. m psycholog}’, condi- 
tions are, fortimatehy different. And it 
is for this reason that ail other psychol- 
ogies, the psychology of the other Ego 
of animals, of instincts, etc., must go 
back to the first psychology as their very 
foundation. Not to use introspection in 
‘my’ psychology would be to proceed 
as if I always made use of a mirror in 
order to see what I might see directly — 
or even worse!” And Broad goes so far 
as to class behavioristic views like Wat- 
son’s among the “silly” theories, by 
which he means those that “may be 
held at the time when one is talking or 
writing professional!}', but which only an 
inmate of a lunatic asylum would think 
of cariydng into daily life. I should 
count Behaviourism, taken quite strictly, 
and certain forms of Idealism as ‘silly’ 
in this sense. No one in his senses can in 
practice regard himself or his friends or 
enemies simply as ingenious machines pro- 
duced by other machines, or can regard 
his armchair or his poker as being literally 
societies of spirits or thoughts in the mind 
of God. It must not be supposed that 
the men who maintain these theories and 
believe that they believe them are ‘silly’ 
people. Only very acute and learned men 
could have thought of anything so odd 
or defended anything so preposterous 
against the continual protests of common 
sense ” 

Those who have come to regard living 
organisms as at the same time creative 
and remarkably conservative, historical 
beings will notice that Watson is little 
affected by such considerations and 
inclined to overstress the effects of en- 
vironment and to underestimate the com- 
plexity of organized and inherited strac- 


ture. He seems to regard all healthy 
infants as ver}* much alike at birth and to 
accoiAic for their later differences as very 
largely due to the conditioning, recon- 
ditioning and unconditioning of their 
reOexes, to visceral and muscular habits, 
training, etc. The geneticists are dis- 
missed (p. 78) with an amusing fiction 
about three hypothetical sons of John 
Smith, the economist, and the remark, 
“the geneticists are working under the 
banner of the old ‘faculty’ psychology. 
One need not give vet}' much weight to 
any of their present conclusions.” Sim- 
ilarly the psychoanalysts, many of whom 
have stressed the persisting ancestral 
tendencies of our species, are said to base 
their work “largely upon religion, intro- 
spective psychology, and voodooism,” 
and this notwithstanding the fact that 
Watson has absorbed many of their teach- 
ings. They are also presented (p. 144) 
with a fictitious and amusing account of 
a psychopathic dog. Watson describes 
how he conditioned a normal dog till he 
became a most abjectly insane animal 
and how he then unconditioned and re- 
conditioned him till he walked off with 
the blue ribbon at the dog show. All 
this is humorous but hardly fair to the 
psychoanalysts or admissible as a popular 
account of their views. The importance 
of environment and training may be un- 
derestimated by many biologists of the 
present time, but there is certainly a 
much greater “historical basis of reac- 
tion” in animals and man than Watson 
would have us believe. Yet notwith- 
standing all its faults, the volume will 
be found to contain a great amount of 
valuable matter, especially on infant 
behavior, and many fresh incentives to 
the further investigation of man’s basic 
nature. 
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EVOLUTION 

EVOLUTION EXAMINED IN THE 
LIGHT OF REVELATION AND 
REASON 

Bj Albert P, Sc back Frederick H. Hitchcock 
$2.. 50 6| X 8j; III Hew York 

Physiognomy is not yet an exact 
science. Nevertheless, as Galton recog- 


Fundameiitalists. The parties to any 
controversy ought, at least, to know 
what their opponents look like. To 
this end we propose to publish in The 
Quarterly Review or Biology, as oppor- 
tunity and occasion may offer, a Eunda- 
me?itaUst Portrait Gallery. 

It is with great satisfaction that we 
open this exhibition with the portrait of 



Albert P. Schack 


niijed when he began his work on com- 
posite photography, everyone is con- 
siderably influenced in his judgments 
regarding the practical conduct of life, 
by physiognomic considerations. Ex- 
perience demonstrates that, on the whole, 
these judgments are far more often right 
than wrong. 

We feel certain that few biologists 
personally kno%v the more distinguished 


the eminent divine and author, Albert 
P. Schack. 

Evolution Examined m the Light of 
Revelation and Reason is a book that all 
biologists should read. Its provenience 
is set forth as follows by the author (p. 6): 
“A few years ago, the lack of a work, 
and the demand for one, by some author 
capable, by sufficient education and 
preparation, which should rightly un- 
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fold the subject, and make it plain to 
the people, and at the same time withstand 
the scrutiny and criticism of all the 
scientists, kept pressing upon me, so 
that I finally decided, having been thus 
suitably prepared by education, as well 
as by a careful study of the specific 
subject in all its aspects, that I might 
properly undertake the work for the 
sake of humanity, and for the honor of 
God and the Divine Truth.” 

Mr. Schack holds that ”all kinds of 
life, or specific principles, are inserted, 
and are not evolved or developed merely 
out of and by the forms themselves,” 
though he admits that this is often the 
appearance of things. “As an example 
or illustration of life entering and animat- 
ing suitable forms, I have put a hair 
from a horse’s tail in a vessel of water 
for some days, and have seen one end of 
it swell into a head, distinctly visible 
under a magnifying glass; and life flowing 
into it, which may be supposed to be 
everywhere imminent or outpressing from 
"Vithin, it became a snake or eel swim- 
ming in the water, because it was such a 
suitable sheath or form that such cor- 
responding primitive life could inhabit 
and use it. This simple experiment can 
be tried by anyone, and the result will 
be seen to be as above stated” (p. 15). 

The reviewer finds it difficult to refrain 
from quoting extensively from this in- 
forming volume, but considerations of 
space are imperative. We must content 
ourselves, therefore, with one more ex- 
tract, which constitutes the whole of 
Chapter XL It is not only interesting in 
content, but is also something of a liter- 
ary feat. Few books can boast of a chap- 
ter which consists of only one sentence! 

WARNING TO STUDENTS 

“Hence I would warn those who arc 
tempted to be seduced by the seemingly 


plausible hypotheses of the really blind 
materiaLlists, to hold fast to the Word of 
God, not allowing the few portions of it 
which seem objectionable or difficult to 
understand, to prevent them from re- 
ceiving it as a whole, or the vastly 
larger portion, which should not be 
objectionable to any, and of which we 
can get some understanding, if we study 
it, and humbly ask the Lord to help and 
enlighten us; recollecting that the whole 
Word is primarily and in some parts 
solely parabolic or symbolic of spiritual 
or internal things— motives—goodness 
and truth against evil and falsity, and in 
general of matters relating to God and 
the human soul” (pp. 102. and 103). 

This book is priceless, in the technical 
Britannic sense of that word. 


INDIAN BIRD LIFE. Or the Struggle for 
Existence of Birds in India. 

By Douglas Dewar 

John Lane, the Bodky Head 
7s. fid. 5I X yi; XV 4" xjfi London 
This is an important, original con- 
tribution to the literature of organic evolu- 
tion. It deals with the problem of checks 
to the avian population in India, on the 
basis of specific field observations rather 
than upon pseudo-philosophic platitudes, 
which all too frequently appear in lieu 
of evidence in the literature of evolution. 
Coupling extensive personal observations 
in the field with a remarkably thorough 
combing of the detailed ornithological 
literature, the author attempts to deter- 
mine into which of the following cate- 
gories the checks to avian population 
growth actually fall: 

“i. Those of which the operation is 
entirely indiscriminate or haphazard; such 
operate equally on the fit and unfit, the 
weak and the strong, birds of gay plumage 
and birds of sombre hue. 
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“z. Those of which the operation is 
largely indiscriminate or haphazafrd. 

“3. Those which operate only on the 
unfit, the weak, or birds ill-adapted to 
their enyironment. 

“4. Those which operate mainly on 
the unfit, the weak, or birds ill-adapted to 
their environment” (p. 15 8). 

The conclusions reached are as follows : 
“From the facts that the greatest destruc- 
tion is to eggs and young birds and that the 
forces which destroy adult birds for the 
most part act indiscriminately as opposed 
to selectively, the inference must be 
drawn that, speaking generally, the in- 
dividuals which survive longest in the 
struggle for existence are the lucky ones, 
rather than the most fit. It is, of course, 
true that other things being equal, the 
individuals which are fittest or strongest 
or best suited to their environment will 
have the best chance of survival. As a 
matter of fact other things are rarely equal. 
The existence of a bird may perhaps not 
inaptly be compared to a game of cards 
in which the element of chance is a very 
important factor. Although it is agreed 
that A is the most skilled of the players 
taking part in the game, no one, before 
any particular game, would give long 
odds on A winning, because far more 
depends on the hands dealt than on the 
skill of the players. So is it with birds. 
If we mark down, let us say, four indi- 
viduals of a species, each living in an 
area at a distance from the others, it would 
not be prudent to give odds that the 
strongest of the four individuals will out- 
live the other three. The struggle for 
existence of birds results' in the weeding 
out of the unlucky rather than the less 
fit. 

“In view of the evidence before us 
it seems difficult to accept the view held 
by some that all the physical and ana- 
tomical features of every species are the 


result of a process whereby only the fit 
survive to produce young, which tend to 
inherit the fitness of the parents. 
Rather are those characteristics the result 
of the innate tendency of the majority 
of individuals of a species to vary in certain 
definite directions. Natural selection, the 
survival of the fittest, seems normally to 
come into action where variations mark- 
edly unfavourable to the individual 
appear. 

“Natural selection, then, seems to have 
played only a very subordinate part in 
the production of the colouring and the 
anatomical and physical features of the 
various species of birds. This, however, 
does not mean that it has not played its 
part in evolution. There are conditions 
in which the force comes actively into 
play. Natural selection, for instance, has 
probably helped to determine such fea- 
tures as the number of eggs which com- 
pose the normal clutch for each species, 
the number of clutches laid in the year, 
the time of nesting, the situation of the: 
nest, the times of migration and the 
degree of pugnacity possessed by the 
average individual of any species” (pp. 
z6o--z6i). 

The book is of interest and value to 
the student of the biological aspects of the 
population problem, as well as to the 
evolutionist. Unfortunately it is not 
adequately indexed, but after all this is 
only a minor defect in a really significant 
contribution. 

LIFE, MIND, AND SPIRIT. (Being th 
Second Course of The Gifford Lectures De- 
livered in the University of St. Andrews in 
the Year under the General Title of 
Emergent Evolution.") 

By C. Lloyd Morgan Henry Holt and Co. 
$3*75 5 I X % xix + 316 New York 

This book attempts to formulate a 
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philosophical interpretation of the order 
of nature — the evident teleological struc- 
ture and behavior of the universe. The 
solution offered is frankly theistic. 
Essentially the order of nature is Divine 
Purpose objectively expressed, and there 
the case rests. This manner of disposing 
of the problem is neither particularly 
novel, nor, as the whole histot}’’ of philo- 
sophic thought shows, especially help- 
ful. At the same time it must be said 
that the author puts the case in an ex- 
tremely persuasive way, much better 
calculated to seduce the modern scientific 
reader than, for example, were the 
writings on natural theology of the 
eighteenth and early nineteenth centuries. 
Biologists will do well to read this book. 

THE RELATION BETWEEN SCIENCE 
AND THEOLOGY. (How to Think About 
It.-) 

By C. Stuart Gager 

The Ofen Court Buhlishing Co, 
$1.00 5 X 8; 87 Chicago 

This little tract of the times is written 
in a spirit of deep reverence — ^both to God 
and to science. Its philosophy is summed 
up in the following statement: “What 
has evolution to do with religion? In 
a sense, nothing. Science has to do with 
so-called secondary causes; religion has to 
do with man’s relation to the Great First 
Cause — ^Myself and God” (p. 79). As a 
bit of conciliatory exegesis it is well done. 

THE PASSING OF THE PHANTOMS. 
A Study of Evolutionary Psychology and 
Morals. 

By C. J. Patten 

Kegan Paul^ Trench, Truhner and Co. 
2.S. 6d. 4I X 6§; 95 London 

The author seems to be more sympa- 
thetic than coldly analytic in his ex- 


periences with family pets, especially a 
hawk. He attributes a somewhat higher 
psycl^c life to lower animals than perhaps 
most students of animal behavior are dis- 
posed to do. On this not wholly in- 
dubitable base he builds up a theory of 
the evolution of man’s mental and moral 
powers. The book is more entertaining 
than convincing. 

THE STRATIGRAPHY AND FAUNA 
OF THE HACKBERRY STAGE OF THE 
UPPER DEVONIAN. {Contributions from 
the Museum of Geology, University of 
Michigan. I.) 

By Carroll L. Fenton and Mildred A. Fenton 
The Macmillan Co. 
$1.75 6J X 9I; xi + 2.60 Hew York 
Describes, with abundant illustrations 
on 45 plates, the fossils found in the 
uppermost member of the Devonian sec- 
tion (the rocks of the Hackberry stage) 
in North Central Iowa, 


GENETICS 

HEREDITY 

By A. Franklin Shull McGraw-Hill Book Co. 
$3.00 6J X 9J; xi -h 2-87 Hew York 
An excellent introductory text to the 
field of modem genetics. Developed in 
connection with a lecture course to large 
classes of college students without pre- 
liminary biological training, the book has 
solved well the difficult pedagogical 
problem of presenting an intricate sub- 
ject in a clear, attractive, and at the same 
time thoroughly sound, manner. Those 
giving beginning courses in genetics in 
colleges and universities will do well to 
consider it carefully for use as a text. 
Furthermore it is, on the whole, the best 
book that has come to our attention for 
the intelligent layman who wishes to get 
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a sound understanding of the funda- 
mental principles of heredity. The last 
eight chapters are devoted to various 
aspects of human genetics. A glossary 
of technical terms and an adequate index 
complete the volume. 

PRAKTISCHE UBUNGEN ZUR VERER- 
BUNGSLEHRE FUR STUDIERENDE, 
ARZTE UND LEHRER. (1/2 Anlehnmg 
an den Lehrplan des ErhkundUchen Seminars 
von Prof. Dr. Heinrich Poll'). (Biologische 
Studienhucher. Band I.) 

By Dr. Gunther Just Theodor Fisher 
Rm. 3.50 Freiburg im Breisgau 

6 j X 88 (paper) 

This is an outline of a course of eighteen 
laboratory exercises in genetics as used 
by the author and Professor Poll in an 
elementary course at Berlin. The first 
six exercises deal with the biometric 
analysis of variation; the next seven with 
the analysis of Mendelian experiments; 
and the last five with human pedigrees. 
It is a well planned elementary course. 


THE THEORY OF THE GENE. 

By Thomas Hunt Morgan 

Yale University Press. 
$4.00 6| X 9I; xvi d- 343 Hew Haven 

This book will be the subject of an 
extended review by Professor Julian 
Huxley, in the next number of The 
Quarterly Review or Biology. 


GENERAL BIOLOGY 

NATURALIST’S GUIDE TO THE 
AMERICAS. Prepared by the Committee 
on the Preservation of Natural Conditions of 
The Ecological Society of America, with 
assistance from numerous organisations and 


individuals. Assembled and edited by the 
Chairman, Victor E. Shelf or d. 

The Williams Wilkins Co. 
$10.00 6i X 5I; XV + 761 Baltimore 
This comprehensive treatise, produced 
by the cooperative efforts of The Eco- 
logical Society of America, discusses in 
detail the natural habitat for living 
things in North America, Central 
America, and the northern part of South 
America, together with certain of the 
islands in the Atlantic and Pacific Oceans. 
The first three parts ofthe bo ok are devoted 
to the uses, values, and management of 
natural areas and the original biota of 
the Americas north of the Amazon. 
The fourth part, which takes up the bulk 
of the book, is devoted to detailed de- 
scriptions of natural areas and regions 
within named political subdivisions . The 
primary object of the book is stated to 
be “To locate natural areas so as to make 
them available to naturalists.” For each 
territory the account describes: (i) the 
region as it was before being modified by 
civilization; (i) the general physiographic 
features, and (3) general and local plant 
and animal communities. The original 
conditions of the biota are then con- 
trasted with the present modified con- 
dition. The book is a valuable contribu- 
tion to the literature of general natural 
history. 

ERGEBNISSE DER BIOLOGIE. 

Edited by K. v. Frisch, R. Goldschmidt, W. 
Ruhland and H. Winter stein. 

Julius Springer 

36 reichsmark Berlin 

6| X 9I; viii + 670 (paper) 

The Quarterly Review or Biology ex- 
tends a hearty welcome to this new peri- 
odical which in some sense covers the 
same field. It is announced that the 
Ergebnisse der Biologic will treat general 
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physiology (as distinguished from physi- 
ology primarily of medical interest) in 
much the same way that the Ergehnisse 
der Anatomie und EntiuicklmgsgtschichU and 
the Ergehnisse der Ehysiologie deal with 
their respective fields. This first num- 
ber opens with a paper of 313 pages by 
E. Biedermann on the comparative physi- 
ology of the integument of vertebrates. 
The second paper is by F. Bachmann on 
the ascent of sap in plants. The third is 
by Hugo Kaho on the relation of the plant 
cell to salts. The fourth paper, by D. 
N. Prianischnikow, deals with ammonia, 
nitrates and nitrites as nitrogen sources 
for higher plants. The two final papers 
discuss respectively the social psychology 
of birds (by David Katz), and bird migra- 
tion (by Horst Wachs). There are de- 
tailed indices and literature lists. 

LA CINtTIQUE DU DfiVELOPPE- 

MENT. Multiplication cellulaire et Crois- 
sance. 

By E. Faure-Fremiet (Preface by M. L. F. 

Henneguy) 

Les Presses Unmrsitaires de France 
30 francs x 9I,* viii + 335 Paris 

This is an important and valuable 
addition to the literature of general 
biology. It reviews the existing knowl- 
edge and opinion about the physics and 
chemistry of growth and development in 
a thorough manner. The material is 
discussed under the following heads: 
The cellular system from a static point 
of view; cellular growth; the changes of 
state in the cellular system in the course 
of division; the transformations of energy 
in the course of embryonic development; 
the laws of growth of the body and of 
the organs; the multiplication of free 
cells — ^Protozoa; the multiplication of 
cells in vitro — tissue cultures. There are 
extensive bibliographies, but un- 
fortunately an index is lacking. 


COMPARATIVE PHYSIOLOGY 
By Lancelot T. Hoghen The Macmillan O, 
$ 3 -?^ Sf ^ Sf ; xiv 4 - 119 New York 
This book aims to give in brief space an 
account of the physiology of the lower 
organisms, primarily for the purpose of 
stimulating students of zoology to further 
research in this field. It is thoroughly 
modern in its viewpoint, emphasizing 
the physico-chemical approach to the 
problems of physiology. The topics 
treated are as follows: muscular contrac- 
tion; ciliary activity, amoeboid motion 
and color response; secretion; respira- 
tion; nutrition; the circulation of body 
fluids; endocrine co-ordination; the mech- 
anism of nervous conduction and excita- 
tion; the analysis of behavior in animals; 
the fertilization of the egg; inheritance; 
physiology of development. 


PAPERS FROM THE DEPARTNffiNT 
OF MARINE BIOLOGY OF THE CAR- 
NEGIE INSTITUTION OF WASHING- 
TON. Vol XXIII (Publication No. ^44)^ 
Some Marine Bottom Samples, from Pago 
Pago Harbor, Samoa, by M. N. Bram- 
lette. Proportions of Detrital Organic Cal- 
careous Constituents and their ChemicalAltera- 
tion in a Reef Sand from the Bahamas, by 
Marcus I. Goldman. Report on a Bac- 
teriological Examination of Chalky Mud” 
and Sea-Water from the Bahama Banks, by 
N. R. Smith. Recent Foraminifera from 
Porto Rico, by J. A. Cushman. Fossils 
from Quarries near Suva, Viti Leva, Fiji 
Islands, and from Vavao, Tonga Islands, 
with Annotated Bibliography of the Geology 
of the Fiji Islands, by Wendell C. Mansfield. 
Miocene Corals from Trinidad, by T. W. 
Vaughan and J. E. Hoffmeister. 

Carnegie Institution of Washington 
$2.. 50 Washington, D. C. 

6| X 10; 134 "f 7 plates (paper). 

The contents of this volume seem 
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likely to be of greater interest to the 
oceanographer and the paleontologist 
than to the general biologist. [j 

PRACTICAL PHOTO-MICROGRAPHY. 
By J. E. Barnard and Frank V. Welch 

Longmans, Green and Co, 
$6.00 5! X 8|; xii + 316 New York 

A second edition, issued after a lapse 
of fourteen years since the appearance of 
the first, of the standard work in English 
on photo-micrography. The senior 
author, who has lately been much in 
the public eye in connection with his 
collaboration with Gye on the cancer 
problem at the Medical Research CounciFs 
laboratory in London, is one of the fore- 
most authorities in the field. In the 
second edition attention has been pri- 
marily given to a fuller description of 
methods rather than apparatus, because 
the authors find no outstanding advance, 
cither on the optical or mechanical side, 
in the past fourteen years. The book 
constitutes a standard reference source for 
all those who use photo-micrography in 
their work. 

HUMAN BIOLOGY 


THE NORTHERN TRIBES OF NI- 
GERIA, (An Ethnographical Account of 
the Northern Provinces of Nigeria Together 
with a Report on the igii Decennial Census. ') 
By C. K. Meek Oxford University Press 
36s. 6 X 9; Vol. I, xviii + 3iz London 

Vol. II, viii + Z77 
This work is an important contribu- 
tion to anthropology. The material is 
logically arranged, presented with great 
clearness and some degree of literary 
charm, and considers data of interest and 
value to the student of almost any aspect 
of human biology. There is first given 
a general description of the country 


itself, considered as a habitat for human 
beings. This is followed by an historical 
section, with a good deal of interesting 
archaeological material. Then the vari- 
ous aspects of the native culture are 
considered in detail, beginning with the 
economic life. The political aspect of 
the cultural life is first discussed in rela- 
tion to social organization, and then in 
regard to the system of government 
and law. The mental and spiritual life 
as revealed in language, law, and religion, 
receives thorough treatment. Part II of 
the second volume is of especial interest to 
students of the population problem, since 
it deals in detail with the census of the 
provinces of Northern Nigeria taken in 
1911. 

AUSTRALIAN TOTEMISM. (A Psycho- 
analytic Study in Anthropology!) 

Ge%a Roheim (with an introduction hy M, 
D. Eder) George Allen and Unwin, Ltd. 
35s. 6| X 10; 487 London 

Doctor R6heim attempts to explain 
the origin of the most primitive form of 
culture, totemism, on the theory that it 
is the result of a primeval crime, in which 
the sons of a Cyclopean family killed 
their tyrannical father, ate his body, and 
then married the females left about. 
Ever since then the sons, and their de- 
scendants, have been torn between the two 
emotions of repentant remorse over killing 
the old man, and triumphant joy at having 
got the ladies. As a result of these 
mixed emotions the taboos of incest and 
of eating the animal have grown up, as 
well as the ritual of totemic sacrament 
and organization into totem clans. It 
seems doubtful that this queer theory, 
reached by the psychoanalytic route, 
will be accepted by anthropologists. 
However, the author is a man of standing 
and marshals a large array of evidence 
with great ingenuity. On these accounts 
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,the book cannot be lightly swept aside. 
It will interest the psychologist as well 
as the anthropologist. There is an ex- 
tensive bibliography and index. 


THE PEDIGREE OF THE HUMAN 
RACE. 

By Harris H. Wilder Henry Holt and Co. 
$3.15 6x9; xiv + 368 New York 

A sound treatise on the natural history 
of the primates has long been needed. 
This need is admirably met in the present 
book. One reads it with a feeling of 
confidence and security, because of the 
author’s critical judgment in zoological 
matters. The book is divided into six 
chapters, of which the first reviews exist- 
ing knowledge regarding the groups of 
primates now living. Chapter II deals 
with extinct forms related to man, re- 
viewing the history of mammalian evolu- 
tion. Chapter III treats of fossil men. 
Chapter IV, besides tracing the pedigree 
discusses the nature of the evidence and 
modes of reasoning by which present 
conclusions as to the evolution of man 
have been reached. Chapter Y describes 
the differential characteristics of living 
races of men. The final chapter discusses 
the classification of human races. The 
book is well illustrated and indexed. 


INTERNATIONAL ASPECTS OF BIRTH 
CONTROL. (The Sixth International Neo- 
Malthusian and Birth Control Conference, 
VoL I.) 

PROBLEMS OF OVERPOPULATION. 
VoL IL 

Edited hy Margaret Sanger 

American Birth Control League, Inc. 
$1.00 5I X 8|; xii + 144 (paper) New York 
$1.00 5I X Sj; 108 (paper) 

These two volumes contain the official 


report of the proceedings of the Inter- 
ni^tional Birth Control Conference held in 
New York in March, 1915. The first 
volume is devoted to reports on the present 
status of the birth control movement in 
different countries and states of this 
country, together with congratulatory 
and uplifting messages from various prom- 
inent persons. The second volume is 
devoted to the more scientific papers 
which were read. Students of the popu- 
lation problem may find these volumes 
useful for reference, although they con- 
tain little that is original. Unfortunately 
there is no index. 


THE MEDICAL DEPARTMENT OF THE 
UNITED STATES ARMY IN THE 
WORLD WAR. VOLUME XV. STA- 
TISTICS. Part 2. Medical and Casualty 
Statistics (Based on the Medical Kecords of 
the United States Army April j, ipij, to 
December i$i$, inclusive'). 

By Maj. Albert G. Love 

Government Printing Office 
$3.00 Washington, D. C, 

7I X 10; xiv + 1368 
A potentially profitable source book 
for the student of human biology. 


ZOOLOGY 

THE BIOLOGY OF THE PROTOZOA. 
By Gary N. Calkins Lea and Pebiger 
$7.50 6J X 9I; ix + 613 Philadelphia 
This is a masterpiece of textbook 
writing and is certain to become a classic 
in the field which it so thoroughly covers. 
The plan and scope of the book are suffi- 
ciently indicated by the chapter headings 
which are as follows: Introduction; Nuc- 
lei and kinetic elements; Structural differ- 
entiations; General physiology; Reproduc- 
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tion; Special morpliology and taxonomy 
of the Mastigophora; Special morphology 
and taxonomy of the Sarcodina; Special 
morphology and taxonomy of the Infu- 
soria; Special morphology and taxonomy 
of the Sporozoa; Vitality; Phenomena 
accompanying fertilization; Effects of re- 
organization and the origin of varia- 
tions in the Protozoa* An enormous 
amount of careful painstaking, critical 
work must have gone into the prepara- 
tion of the taxonomic portions of the 
treatise, and they will be correspondingly 
useful to all students of protozoology. 
Throughout the book the author stoutly 
maintains his well known position re- 
garding the theoretical significance of 
the life cycle of Protozoa, a position 
with which many other biologists are 
not in entire agreement. 

BIOLOGIE DER SCHMETTERLINGE. 
(Biologische Studienbuchsr. III.') 

By Dr. Martin Hering Jnlius Sfringer 
Rm. 18 6| X 5I; vi -f 480 (paper) Berlin 
The introduction to this detailed treat- 
ise on the biology of butterflies deals 
first with their general anatomy, then 
with their phylogeny and taxonomic 
relationships. This introductory portion 
is followed by three main sections which 
take up the bulk of the book. The first 
of these deals with the ontogenetic 
development up to the imago; the 
second with the life of the imago; and 
the third with general problems, such 
as geographic distribution, alternation of 
generations, polymorphism, enemies of 
butterflies, experimental biology, etc. 
There is a brief bibliography of general 
works, and adequate indices. Altogether 
this is a welcome addition to zoological 
literature, in a direction to which text- 
book writing seems to be definitely turn- 
ing— the preparation of more adequate 


treatises on special groups than can 
possibly be included in general text- 
books. 

A WILD-ANIMAL ROUND-UP. (Stories 
and Pictures from the Passing Show.) 

By William T. Hornaday 

Charles Scribner s Sons 
$5.00 X 3; xii + 371 New York 

This contribution to the literature of 
popular natural history by the Director 
of the New York Zoological Gardens is 
largely made up of previously printed 
magazine articles, going back in some 
cases to 1908. It falls into three main 
parts, the first dealing chiefly with big 
game hunting adventures, mostly in the 
early days in our own western country. 
Part II discusses mainly the disappearance 
of big game animals in various parts of 
the world. The final portion of the book 
is devoted to the modern development 
of taxidermy. Every lover of nature will 
find it an entertaining volume, though 
its science is perhaps sometimes a little 
rough and ready, and its manner occa- 
sionally transgresses the canons of good 
taste. It is well indexed and most inter- 
estingly illustrated. 


THE NEMATODE PARASITES OF VER- 
TEBRATES. 

By Warrington Yorke and P. A. Maple stone ^ 
with Foreword by C. W. Stiles 

P. Blakiston s Son and Co. 
$9.00 . X 10; xi 4 " 536 Philadelphia 
This is a thorough and detailed trea- 
tise on the taxonomy of the nematode 
worms living parasitically in vertebrate 
animals . It is extensively illustrated with 
line drawings, and contains adequate 
keys for the identification of the genera 
and a bibliography of 684 titles. In the 
Foreword there is an open letter ad- 
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^dressed to “unborn helminthologists/’ 
It makes an impassioned and touch- 
ing appeal that they do their taxo- 
nomic duty by worms, when their time 
comes. This letter adds just that serious 
touch needed to avert whatever slight 
possibility there might otherwise have 
been that this book as a whole would be 
taken in a spirit of levity. For who 
could contemplate the idea of an “un- 
born helminthologist” lightly? 

ZOOLOGIE IM GRUNDRISS. 

By Walter Stempll Gehruder Borntraeger 
6,90 marks Berlin 

Lieferung 3, yf x io|; 178 (paper) 

6,60 

Lieferung 4, x io|; 176 (paper) 

The third Lieferung of this general text- 
book of zoology already noticed in 
Number z of The Quarterly Review 
completes the first section dealing with 
morphology and taxonomy, and makes a 
beginning on the second main division 
of the work, which treats of physiology 
and development. This physiological sec- 
tion starts with a discussion of the com- 
position of the body, followed by an 
account of the metabolism of material. 
This is followed, in the fourth instal- 
ment, by a discussion of the metabolism 
of energy, which includes a long section 
on the reactions of animals to stimuli. 
The account of reproduction and em- 
bryonic development is begun. 


A NATURALIST IN EAST AFRICA. 
Being notes made in Uganda^ ex-German 
and Portugese East Africa. 

By G. D. Hale Carpenter. 

Oxford University Press 
15 shillings 6 x 9; 187 + 8 plates London 
Dr. Hale Carpenter, well known for 


his interesting book of a few years ago, 
“A Naturalist on Lake Victoria,” again 
publishes a series of extracts from his 
notebooks of observations collected during 
his wanderings as an officer of the Uganda 
Medical Service. The result is a valuable 
contribution to natural history, especially 
in regard to the problems of variation 
and mimicry in butterflies. Perhaps the 
most important part of the book is a 
detailed account of extensive experiments 
on the relative edibility of insects. It 
is well illustrated and indexed. 


ANIMAL LIFE IN THE SEA. 

By R. J. Daniel Hodder and Stoughton, Ltd. 
5s. fid. 5I X 8f; 1 19 London 

This little book, written in a simple 
and lucid style, evidently intended for 
lay readers, is a fine example of popular 
science at its best. The contents are as 
follows: Life in the shallow seas; The 
deep sea; Some large fish of the sea; The 
giant squid; Some whales; Some extinct 
marine monsters; The great sea serpent. 
It is entertainingly and significantly 
illustrated. We commend it to our 
readers, and congratulate the author on 
so fine an achievement. 


THE SECRETS OF THE EAGLE AND 
OF OTHER RARE BIRDS. 

By H. A. Gilbert and Arthur Brook 

Arrowsmith 

10 shillings fif x 8f ; 196 London 
The superb photographs of birds repro- 
duced in this volume make it worthy the 
serious attention of zoologists. Nearly 
half the book is devoted to the golden 
eagle, its nest and nestlings. Some of 
the other birds discussed and photo- 
graphed arc not particularly rare, but the 
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photographs of them arc highly unusual 
in quality. Every student of Jbirds, 
whether professional or amateur, will 
find delight in this book. 


L*EVOLUTION DE L’ORNITHOLOGIE. 
jBjy Maurice Bouhier Felix Alcan 

lo francs 4J x 7I; 308 (paper) Faris 
There is a real need for brief but 
comprehensive and accurate histories of 
the various sub-divisions of the biological 
sciences. An excellent contribution in 
this direction for ornithology is made by 
Doctor Boubicr in this volume. It re- 
counts in a pleasant and easy style the 
development of knowledge about the 
various aspects of ornithology. It should 
be in every general biological library. 


TAXIDERMY AND MUSEUM EXHIBI- 
TION. 

Bj John Rowley, (Preface hy Frank M. 
ChapmanI) D. Appleton and Co, 

$7.50 6i X 9!; xvi + 331 Hew York 
In this comprehensive didactic treatise 
America’s foremost taxidermist details 
the secrets of his craft. As in any other 
art, it is probable that in taxidermy 
genius cannot be transferred by teaching, 
but so far as technical equipment is con- 
cerned, this book covers the ground 
thoroughly. It will be the standard 
work on the subject for a long time to 
come. It is fully illustrated and indexed. 


PORTRAITS IN THE LONDON ZOO. 
By Silvia Baker G, P. Putnam's Sons 
15 shillings yf x loj; iii London 
This delightful book will charm every 
lover of animals. The text is insig- 
nificant in amount and unimportant in 
content, but the tinted line drawings are 


superb. With an economy of line which 
suggests Rouveyre, the artist has imbued 
her figures of all sorts of animals with 
real life and character. 


A KEY TO THE SNAKES OF THE 
UNITED STATES, CANADA, AND 
LOWER CALIFORNIA. (Michigan 
Academy of Science, .Arts and Letters. Vol. 
TV. Part II () 

By Frank N. Blanchard The Macmillan Co, 
$1.75 X 9f ; xiii 65 New York 

This useful key lists 191 species and 
subspecies of North American snakes, 
exclusive of continental Mexico and Cen- 
tral America. The characters used for 
identification do not involve any neces- 
sity for dissection or for examination of 
teeth. Data are given on the geographic 
distribution of each species and sub- 
species. 


PAPERS FROM THE DEPARTMENT 
OF MARINE BIOLOGY OF THE CAR- 
NEGIE INSTITUTION OF WASHING- 
TON. Vol, XXIV (Publication No, 34s'), 
Taxonomy of the Amehas with Descriptions 
of Thirty-nine New Marine and Fresh- 
water Species. 

By Asa Arthur Schaeffer 

Carnegie Institution of Washington 
$4.75 Washington, D, C. 

9Jx ii|; 116 + II plates (paper) 

In this beautifully illustrated mono- 
graph the author describes 39 new species 
and II new genera of amebas, and pro- 
poses a system of classification for the 
group based upon general morphology. 
In connection with the descriptions of 
the species numerous interesting observa- 
tions on behavior and physiology are 
included. 
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REPORT ON A COLLECTION OF SEA 
TROUT SCALES FROM THE RIVER 
HOPE AND LOCH HOPE IN SUTHER- 
LAND. (fishery Board for Scotland, 
Salmon Fishmes, No, i.) 

By G, Herbert Nall H. M. Stationery Office 
3 shillings 6| x iz (paper) Edinburgh 
Original data of interest to anyone 
working on the problems of growth or 
senescence. 

BOTANY 

THE SCENT OF FLOWERS AND 
LEAVES. Its Purpose and Eelation to Man, 
By F. A, Hampton Dulau and Co., Ltd. 
6 shillings 5J x yj; vii + 135 London 
This is an extremely interesting and 
entertaining little book about a neglected 
aspect of botany. It is simply and 
pleasantly written, but contains a wealth 
of unusual information. The topics 
treated are as follows: The sense of smell; 
Composition of the scent; Origin and 
development of the scent; Distribution 
of the essential oil in the plant; Function 
of scent; Insects and the scent of flowers; 
Scent in relation with botanical char- 
acter; Classification; Our appreciation of 
scent; Scent in the garden; Extraction of 
scent and the manufacture of perfume; 
History. The book is adequately in- 
dexed. 


THE FAMILIES OF FLOWERING 
PLANTS. 1 . DICOTYLEDONS. Ar- 
ranged According to a New System Based on 
Fheir Probable Phylogeny. 

By J. Hutchinson Macmillan and Co. 

$6.00 6x9; xiv + 3z8 London 

The principles on which this new 
systematic arrangement of the families 
of flowering plants are based are these: 


Plants with sepals and petals, associated 
with other floral and anatomical charac- 
ter^ also primitive, are regarded as more 
ancient phylogenetically than plants with- 
out sepals or petals. This is based on the 
theory that the parts of an angiospermous 
flower are modified leaves. Free parts 
are regarded as primitive, and connate or 
adnate parts as more recent. The spiral 
arrangement of parts is regarded as more 
primitive than the cyclic, and numerous 
free stamens as earlier than the few or 
connate. Also the hermaphrodite flower 
is regarded as preceding the unisexual 
flower. Resemblances are emphasized 
rather than differences. The book is 
well illustrated and indexed. 


PHYSIOLOGICAL FEATURES OF 
ROOTS, WITH ESPECIAL REFERENCE 
TO THE RELATION OF ROOTS TO 
AERATION OF THE SOIL. (With a 
Chapter on Differences Between Nitrogen and 
Helium as Inert Gases in Anaerobic Experi- 
ments on Plants^ By Edward E. Free.^ 

By William Austin Cannon 

Carnegie Institution of Washington 
$i.Z5 Washington, D. C. 

7 X 10; iii + 168 (paper) 

With great elaboration of detail this 
book reports the results of a critical ex- 
perimental study of the relation of root 
growth to soil aeration in a wide range 
of plants. The two main topics dealt 
with in the research are: First, the effect 
on root growth of concentrations of 
carbon dioxide in the soil; and, second, 
the influence of oxygen supply. An 
interesting point of general biological sig- 
nificance is the emphasis laid upon the 
individuality of the plant as a factor in 
the physiological results obtained. This 
factor is too often neglected by both 
plant and animal physiologists. 
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BIOLOGIE DER BLUTENPFLANZEN. 

(^Eine Einfilhrung m der Hmdmikmkopscher 
Ubmgen.') (Biologische Studienhucher. E^and 

no 

By Prof. Dr. Walther Schoenkhm 

Theodor Fisher 

Rm. 6.6o Freiburg im Breisgau 

6| X ii6 (paper) 

The topics dealt with in this brief 
practical introduction to plant biology 
are: The biology of the root; the biology 
of the stem; the biology of leaves; the 
biology of the flower; the distribution of 
seeds and roots. It is fully and signifi- 
cantly illustrated with 307 line cuts, all 
semidiagraminatic in character, but in the 
clearest possible way bringing out the 
principles which they are intended to 
illustrate. It should be translated into 
English. 


PLANT DISEASE FUNGI. 

By F. L. Stevens The M.acmillan Co. 
$5.00 5! X 8f ; vi + 469 Bew York 

This is a thorough, systematic treatise 
on the taxonomy and morphology of 
fungi pathogenic to plants. The book 
is well illustrated and has determinative 
keys to the genera. Descriptions of 
diseased hosts are omitted. 


MORPHOLOGY 

CONTRIBUTIONS TO EMBRYOLOGY. 
Vol. XVII j Nos. 8^ to 8g. (Publication 
No. No. 8f. Development of the 

Human Embryo During the Period of Somite 
Formation, Including Embryos with 2 to 16 
Pairs of Somites, by George W. Bartelme^ 
and H. M. Evans. No. 86. Origin and 
Development of the Fete Ovarii and the Kete 
Testis in the Human Embryo, by Karl M. 


Wilson. No. 8j. Physiological Study of 
Cortical Motor Areas in Young Kittens ard 
in Adult Cats, by Lewis W. Weed and Orthello 
R. Langworthy. No. 88. Lymphatics and 
Blood-Vessels of the Ovary of the Sow, by 
Dorothy H. Andersen. No. Sg. Relation of 
Onset of Decerebrate Rigidity to she Time of 
Myelini^ation of Tracts in the Brain-Stem 
and Spinal Cord of Young Animals, by 
Orthello R. Langworthy. 

Carnegie Institution of Washington 
$3,215 ' Washington, D. C. 

9i X III; 3 + 140 (paper) 

This volume of contributions from the 
Carnegie Laboratory of Embryology well 
maintains the high standard which the 
biological public has learned to expect 
from this laboratory. The first paper in 
the volume is perhaps the one of greatest 
technical importance, while the last 
probably has the greatest general bio- 
logical interest. It indicates a definite 
correlation between the time of myeliniza- 
tion of the central nervous system and 
the appearance of decerebrate rigidity. 


L’ANATOMIE EN POCHE. 

By Victor Pauchet and S. Dupret 

Gaston Doin et de 
15 francs 4I x 7; 316 (paper) Paris 
Each page of this little pocket anatomy 
contains a clear, somewhat schematic 
diagram of the structure of a small portion 
of the human body. Every feature shown 
on the diagram is then carefully labeled. 
The result is excellent. Almost at a 
glance the memory on a detailed ana- 
tomical point can be refreshed or re- 
established. There are in all 197 of the 
little plates, and together they cover all 
the essential features of gross human 
anatomy. The book ought to be a boon 
to medical students, and to beginning 
surgeons. 
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THE HISTOLOGY OF THE MORE 
IMPORTANT HUMAN ENDOCRINE 
ORGANS AT VARIOUS AGES. 

By Eugenia R. A. Cooper 

Oxford University Press 
$4,00 xiii + 113 New York 

This is a useful piece of morphological 
work for investigators dealing with any 
phase of the endocrine problem. Detailed 
accounts are given of the normal histol- 
ogy, and the changes with age, of the 
pituitary, the suprarenal, the thyroid, 
the parathyroid and the thymus glands. 
It is well illustrated, chiefly with micro- 
photographs. There is a bibliography 
of III titles, and detailed author and 
subject indices. 

DIE PATHOLOGISCH-HISTOLOGISCH- 
EN UNTERSUCHUNGSMETHODEN. 

By Prof. Dr. G. Schmorl. F. C. W. Vogel 
10 marks x 9J; x + 481 (paper) Leipzig 
The fourteenth edition of this standard 
vade-mecum of histological methods in the 
field of pathology, differs chiefly from 
the last preceding edition in the fact that 
the chapters on embedding and frozen 
section technique have been rewritten. 
Zoological laboratories will find this a 
useful reference work. 


ELEMENTS OF SURFACE ANATOMY. 
(For Students of Medicine.') 

By I. Maclaren Thompson 

E. and S. Livingstone 
5s. 5I X 7I; 171 Edinburgh 

This little guide for the location on 
the surface of the body of deeper lying 
anatomical structures will probably be 
found most useful by medical students in 
connection with their training in physical 
diagnosis. The entire omission of illus- 
trations is a defect. There is a detailed 
index. 


STUDIES ON THE MORPHOLOGY 
AND MORPHOGENESIS OF HUMAN 
THORACOPAGIC MONSTERS. With 
Special Reference to the Malformation of the 
Heart. 

By Fredrik Ysander Almqyist and Wiksells 
Swedish Kr. 5 Uppsala, Sweden 

6 X g; viii -f 2.36; ii places (paper) 
This inaugural dissertation contains a 
detailed description of eight specimens 
of early human thoracopagic monsters; a 
summary of the reports of such double 
monsters in the literature between 1911 
and igii; and a discussion of the mor- 
phology and morphogenesis of these 
monsters. It is illustrated with ii photo- 
gravure plates. 


PHYSIOLOGY 

HELMHOLTZ’S TREATISE ON PHYSI- 
OLOGICAL OPTICS. (Translated from 
the Third German Edition) Vols. I, II and 
III. 

By H. von Helmholtx^. (Edited by James P. 
C. SouthalK) The Optical Society of America 
$7 per volume; Ithaca, N. Y. 

$11 per set. 

7I X lof; Vol. I, xxi -p 481 
Vol. II, viii + 4S0 
Vol. Ill, X + 736 

(Orders should be sent to F. K. Richt- 
myer. Secretary of The Optical Society 
of America, Rockefeller Hail, Ithaca, 
N. Y.) 

The Optical Society of America has done 
a useful service to physiology by making 
available for the first time a complete 
translation in English of Helmholtz’s 
great classic on physiological optics. 
The translation is from the third 
and definitive German edition which 
originally appeared in the years igog to 
igii. In three large and stately volumes. 
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well printed and well bound, it should 
find a place on the shelves of erery 
physiological laboratory. The translators 
have wisely adhered to the German 
text in the form in which it was left in 
the third edition, attempting to bring 
the material up to date only in the follow- 
ing ways: First, by the addition of a 
chapter on ophthalmoscopy, by Gull- 
strand; second, by the addition of several 
special contributions by von E^ies; third, 
by the insertion of an article by Chris- 
tine Ladd-Franklin on her theory of 
color; and, finally, by the addition 
throughout the entire work of some 
references to recent literature. In the 
main, however, the bibliographic ref- 
erences are left about as they were in the 
third German edition. 

The distribution of the material in the 
three volumes is as follows: Volume I 
contains, first, an anatomical description 
of the eye, followed by Part I of the 
physiological optics, dealing with the 
dioptrics of the eye. Volume II dis- 
cusses the sensations of vision, and Vol- 
ume III the perceptions of vision. 

Indices covering 19 pages complete the 
work. The translation and editing of 
this monumental work appear to have 
been done with great critical care and 
excellent judgment. 


HUMAN METABOLISM WITH ENE- 
MATA OF ALCOHOL, DEXTROSE, 
AND LEVULOSE. (FuhUcation No. 

By Thorne M. Carpnter 

Carnegie Institution of Washington 
$i.X5 61 X 10; ix + 137 (paper) 

Washington^ D. C. 

This extremely detailed account of a 
long experimental research shows that 
alcohol injected rectally is retained by 
the body and enters into its tissues, the 


absorption being over 38 per cent. 
Studies of the alcohol in urine in short 
periods indicate that the utilization of 
alcohol is practically complete at the 
end of five hours, and is very high in the 
first one and one-half hours. The pro- 
portion of the total metabolism due to 
alcohol injected may be as high as 51 
per cent. The utilization of alcohol in 
rectal feeding plays a prominent role in 
the total metabolism. 


RECENT ADVANCES IN PHYSIOL- 
OGY. 

By C. Lovatt Evans 

P. Blakistons Son and Co. 
$3.50 5J X Si; xi + 364 Philadelphia 
We cannot too highly recommend this 
book to our readers. In the words of its 
author “Its aim is to present to the stu- 
dent who has worked through an ordi- 
nary text-book an account of some of the 
problems with which physiologists have 
been concerned during recent years, and 
thus to serve, not only to enrich the 
student’s knowledge as regards subjects 
of contemporary interest, but also to 
form a convenient bridge by which he 
may, if he feels so disposed, pass more 
easily into the original literature of those 
subjects.’’ This highly intelligent and 
useful purpose has been extremely well 
accomplished by Dr. Lovatt Evans. The 
intriguing nature of the contents is 
apparent from their mere enumeration: 
Blood; Corpuscles and plasma; Sus- 
pension stability of blood; Origin of the 
blood cells, and their relation to the 
connective tissues; Fate of the red cor- 
puscles; Carriage of carbon dioxide by 
the blood; Reaction of the blood; Out- 
put and work of the heart; Capillary 
circulation; Mechanism of tissue oxida- 
tions; Chemistry of muscular contraction; 
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Physical aspects of the physiology of 
inuscular contraction; Application to the 
physiology of muscular exercise in man 
of the results of researches on the chem- 
istry and physics of contraction; Active 
principles of some endocrine organs: 
thyroxin, pituitary principles, insulin; 
Mechanism of postural reflexes and the 
function of the labyrinth; Conditioned 
reflexes. 

Adequate bibliographies of recent work 
follow each chapter.* It is difficult to 
pick out for special mention any particu- 
lar chapter of a book of such uniform 
excellence, but the final one on Con- 
ditioned Reflexes seems to us a master- 
piece of clear and interesting scientific 
exposition. 

LECTURES ON NUTRITION, (A Series 
of Lectures Given at the Mayo Foundation 
and the Universities of Wisconsin^ Min'- 
nesota^ Nebraska, Iowa, and Washington 
(St, Louis'). 

W. B. Saunders Co. 
$1.50 5i X 8; 143 pp. Philadelphia 

This series of semi-popular lectures by 
distinguished authorities in the field of 
nutrition deals with the following sub- 
jects: The measurement and significance 
of basal metabolism, by Francis G. 
Benedict; Problems of metabolism, by 
Graham Lusk; The proportions in which 
protein, fat, and carbohydrate are metab- 
olized in disease, by Eugene F, DuBois; 
Muscular activity and carbohydrate metab- 
olism, by Archibald V. Hill; Our present 
knowledge of the vitamins, by Elmer 
V. McCollum; The Relations between 
fertility and nutrition, by Herbert L. 
Evans. Fairly extensive literature lists 
follow each chapter. The book will be 
useful for collateral reading in courses in 
general biology and physiology. Also 
the lay reader will find it a satisfactory 


means of getting in brief space a wide 
ranging view of the present state of knowl- 
edge "Vegarding nutrition. 


A COLLEGE TEXT-BOOK OF PHYSI- 
OLOGY. 

By Arthur D. Bush Lea and Fehiger 
$3.50 5 1 X 8 ; xiii + 331 Philadelphia 

This new textbook of human physi- 
ology is designed to fill the gap in the 
textbook literature of this field which has 
existed by reason of the lack of any book 
especially adapted for college rather than 
for high school or for medical students. 
It covers the ground well, and seems 
admirably suited to the purpose. There 
are brief but well chosen reading lists 
following each of the twenty-two chap- 
ters. The book closes with a short 
glossary and index. 


BASAL METABOLISM. Determination of 
the Mjetabolic Pate in the Practice of Medicine . 
By John T. King, Jr. 

The Williams & Wilkins Co. 
$2.. 50 X 9; 118 Baltimore 

This is a brief review of the literature 
on basal metabolism, with special ref- 
erence to the importance of such a study 
in the practice of medicine. There is a 
bibliography covering some 15 pages, 
and the book is well illustrated and in- 
dexed. It seems likely to serve a useful 
purpose as an introduction to the subject. 


THE PRINCIPLES AND PRACTICE OF 
ENDOCRINE MEDICINE. 

By William N. Berkeley Lea and Fehiger 
$4.50 6| X 9I; xi -f- 368 Philadelphia 

While primarily intended for physicians 
in active practice this book will be found 
useful to the student of general biology 
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interested in any aspect of endocrine 
physiology. It reviews succinctly, im- 
partially, and therefore somewhatf un- 
critically, the extensive literature of this 
held. There are scattered through the 
book a good many interesting clinical 
observations by the author himself. It 
is well indexed. 


BIOCHEMISTRY 

APPLIED BIOCHEMISTRY 
By Withrow Morse W. B. Saunters Co, 
$7.00 6| X 9I; 958 pp. Fhiladelfhia 

This new and imposing text-book of 
biochemistry is written with the medical 
student directly in mind. The under- 
lying philosophy is that if the medical 
curriculum is not to become overloaded 
and unbalanced each ancillary science 
must present only such material as is 
definitely related to medicine as a whole. 
Acting on this principle the author has 
made this a text-book of biochemistry 
as applied to medicine. It is both a 
laboratory manual and a didactic trea- 
tise. There are over 150 illustrations, 
many of them of apparatus. The wisdom 
of including so many cuts from apparatus 
dealers’ catalogues seems doubtful. It is 
not unreasonable to suppose that a med- 
ical student already knows what an 
Erlenmeyer flask looks like. If he does 
not, he is certain to find out in the labora- 
tory. Noteworthy features of the book 
are the great number of structural for- 
mulae given, and the series of portraits of 
living American biochemists. Since the 
book is intended strictly as a teaching 
manual, the final verdict as to its useful- 
ness must rest with the experience of 
teachers. It has a detailed index. 


CHEMICAL PATHOLOGY. 

Discussion of General Pathology from 'the 
Standpoint of the Chemical Processes In- 
volved.') 

By H, Gideon Wells W. B, Saunders Co. 
$8.50 6f X 9! ; 790 Philadelphia 
In this fifth edition of the standard work 
on the chemical aspects of pathology the 
entire material has been worked over 
anew and the book rewritten. The size 
has been kept about the same as in the 
previous edition, largely by the expedi- 
ent of dropping elementary material for 
which there is no longer need in such 
a book on account of the development of 
the teaching of biochemistry to medical 
students, and its replacement by new 
material marking recent developments of 
the subject. As a text-book for the med- 
ical student and a reference work for the 
general biologist, this work stands in 
the first rank. 


LEHRBUCH DER PHYSIOLOGISCHEN 
UND PATHOLOGISCHEN CHEMIE. 
In 7/ Vorlesungen, Fur Studierende, Aj^te, 
Biologen und Chemiker, I Band: Organ- 
chemie. I Lieferung: Bausteine des Organis- 
mus — Blut. Vorlesung I Bis XFL 
By Prof. Dr. Otto Furth F. C. W. Vogel 
15 marks Leipzig 

7 X 10; xiii + zoS (paper) 

This is a revised edition, brought up to 
date, of the author’s well known lec- 
tures on the problems of physiological 
and pathological chemistry. Its appear- 
ance has been delayed by the War. In 
its revised form the book will consist of 
two volumes in six Lieferungcn. This first 
Lieferung deals with the following sub- 
jects: Protoplasm and the characteristics 
of the proteins; Aliphatic elements of 
the protein molecule; Cyclic elements of 
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the protein niolecuie; Hydrolytic split- 
ting; Oxidative degradation of protein; 
Albnmoses and peptone; Poiypeptids; Car- 
bohydrates; The simple fats and phospha- 
tides; Cholesterin; Nucleic acid; Blood 
clotting; Blood serum; Haemoglobin; 
Haematin and its derivatives; Lymph, 
exudates and transudates. 


brighter biochemistry. Being 

the Illustrated Journal of the Biochemical 
Laboratory, Cambridge, No, 

By D, M, Needham, M. G. L. Perkins, M, 
D, Whetham, 

The Sir William Dunn Institute 
IS. 6d. Cambridge, England 

X 10; 64 (paper) 

This year’s volume of Brighter Bio- 
chemistry is good fun, as usual. The 
fooling is always pointed and sometimes 
extremely clever. Paradoxically Brighter 
Biochemistry tends to arouse serious and 
somewhat uncomfortable reflections on 
this side of the water. The deadly and 
devastating seriousness with which the 
American graduate student, statistically 
speaking, naturally takes every aspect of 
his life and his work seems somehow 
more pitiful than ever with B. B. in one’s 
hand. And the worst of it is that all too 
often the only slogan that he ever hears 
from his professors is that well-known 
and greatly over-rated one about life 
being real and earnest. 


SEX 


HYGIENE OF SEX. 

By Max von Gruber 

The Williams dT Wilkins Co. 
$1.50 5 X 7I; xii + 169 Baltimore 

The topics discussed in the nine 
chapters of this book are as follows: 


Fertilization; Heredity and breeding; The 
organs of sex; The sexual instinct and the 
assumed necessity of coitus for health; 
The results of sexual excess and rules for 
the marital sexual intercourse; The limita- 
tion of conception; Aberrations of the 
sexual instinct; Venereal diseases and 
their prevention; Marriage or free love. 

The real underlying philosophy of this 
treatise is indicated with entire fairness 
in the following quotations: 

“Even the most sensual persons are not 
always sexually stimulated. Stimulation 
occurs only intermittently, as a rule only 
as a result of external influences, and it 
disappears spontaneously after a certain 
period if the external cause ceases to be 
operative” (p. 86). 

“Manifestly, this discussion suggests 
that much can be done to prevent these 
stimuli. One can avoid drinking large 
amounts of fluid in the evening. One can 
take care to keep the bowels regulated. 
One may wear loose clothing and avoid 
the excessive pressure on the sexual 
organs by crossing the legs or by heavy 
bed clothes. One can prevent ail un- 
necessary contact of the sexual organs 
with the hand. Washing and bathing 
will cleanse the skin. Medical care can 
be given early to skin eruptions, etc.” 
(pp. 87-88). 

“Mild disturbances and uncomfortable 
sensations, like restless sleep due to 
erection of the penis, and the frequent 
discharge of semen, headache and a con- 
scious nervous tension can, as a rule, be 
easily avoided through the application 01 
the methods previously mentioned. A 
moderation in eating, abstinence from 
alcoholic drinks and strongly seasoned 
food, a cool and not too soft bed, washing 
and bathing in cold water, and, particu- 
larly, an abundance of physical exercise, 
even to the point of fatigue, will be 
found to be definitely helpful. The con- 
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sistent avoidance of all those things which 
stimulate the sexual instinct renders ab- 
stinence the more readily accomplished, 
and, indeed, as we have already said, for 
this there is a physiological basis, since 
with lack of use of the sexual apparatus 
the testes curtail their activity” (pp. 
93 - 94 )- 

To complete the consideration of this 
antiquated, anaemic, academic, and asinine 
treatise, the following points seem rele- 
vant and worthy of record: (i) In 192.5 the 
author was 71 years old; (i) 300,000 
copies of the German edition were “sold 
abroad”; (3) Ecce jam Euro-pa! 


BIOMETRY 

PELLIPLANIMETRIE. (Mesure de la 
Surface du Corps Humain et Autres Corps!) 

By Dr, B, Roussy Gaston Doin et Cie 
3 francs 5! x 8|; 17 (paper) Baris 
This pamphlet is a succinct r6sum6 of 
the author’s original contributions to the 
problem of the measurement of the surface 
area of the living body. All students of 
anthropometry and metabolism will find 
it stimulating and interesting. 


PSYCHOLOGY AND BEHAVIOR 

DWELLERS' IN THE JUNGLE. 

By Lieut.-Col. Gordon Casserly 

Ward, Lock and Co., Ltd, 
5 shillings x 8|; Z55 London 

These nature stories fall in manner some- 
where between William Beebe and Rud- 
yard Kipling. They are fascinatingly in- 
teresting and seem to be based upon ex- 
tensive observation of animals in the 


Indian jungles. They deal respectively 
with a baby elephant, langur apes, the 
jungle fowl, wild dogs, a crocodile, the 
weaver bird, a pet monkey, and a female 
elephant. We commend the book highly 
to anyone who loves nature or has 
children. 


TASTSINN, STROMUNGSSINN UND 
TEMPERATURSINN DER TIERE UND 
DIE DIESEN SINNEN ZUGEORD- 
NETEN REAKTIONEN. {loologische 
Bausteine, Band i, Heft j.) 

By Konrad Herter Gebruder Bomtraeger 
G. M. iz 6| X 10; iv + i8a Berlin 
This book, the first in a new scries, is 
a careful compilation of what is known 
about the reactions of lower animals to 
tactile, current (both air and water) and 
temperature stimuli. There is a bib- 
liography of 343 titles and a detailed in- 
dex. It will be a useful work of refer- 
ence to all students of animal behavior. 


DE OMNIBUS REBUS 
ET QUIBUSDEM ALUS 

IS IT GOD’S WORD? (^An Exposition of 
the Fables and Mythology of the Bible and 
the Fallacies of Theology.) 

By Joseph Wheless Wheless Bublishers 
$4.00 loy West 40th Street, 

X 9i; XXV + 475 Hew York City 
The writer of this extraordinary book 
is a distinguished lawyer. His purpose is 
to present a detached, calm, and in fact 
truly scientific, analysis of the Bible as 
a whole. 

“No man, priest, parson, or zealot for 
his inherited faith, can say with truth 
that this book ’attacks the Bible,’ or 
seeks to defame the Bible God or to 
ridicule the Christian Religion. If such 
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results follow, the Bible itself is to blame, 
if this book of mine speaks truly. This 
book is based wholly on the Bible; its all 
but every reference and citation is to the 
texts of the Bible, faithfully quoted in 
exact words of inspiration. The Hebreo- 
Christian God is depicted in the plain 
words of revelation for his every word 
and deed attributed to him by the inspired 
writers. This book is simply the Bible 
taken as a whole, and thus viewed in a 
light not shed upon it by pulpit ex- 
poundings of golden texts or private 
casual readings of isolated choice frag- 
ments. 

“If the Bible and its derived dogmas 
sujEFer from this simple process of ‘search- 
ing the Scriptures whether these things 
were so,* the fault, dear reader, is not in 
the candid writer of this book, but in 
The Book, which utters the things which 
are simply and truly quoted and compared, 
in simple juxtaposition of contradictory 
texts, and not in the usual isolated and 
scattered passages as is the custom of 
sermons and pious tracts. Here is my 
book; there lies the open Bible; any man 
who will read, and is curious or in- 
terested for the truth, may judge wherein 
is the truth” (pp. xxiii-xxiv). 

The results of this simple and novel 
procedure, which is carried out with good 
judgment, a modicum of humor, and an 
entire absence of rancor, may fairly be 
called stupendous. We commend the 
book in the strongest terms to our readers 
because we believe that probably few of 
them have any adequate conception of 
just what kind of a book the Bible really 
is. A more effective answer to funda- 
mentalism than Mr. Wheless* treatise is 
inconceivable. 

We are informed that the publication of 
this important book has been taken over 
by Alfred A. Knopf, Inc. 


LANDMARKS IN THE STRUGGLE BE- 
TWEEN SCIENCE AND RELIGION. 

By Jamss Y. Simpson George H. Doran Co, 
$x.oo 5I X 8; XV + i88 New York 
J. W. Draper’s Th Conflict between Reli- 
gion and Science^ and Andrew D. White’s 
A History of the Warfare of Science with 
Theology in Christendom^ are the classic 
works in the field they cover. Neither 
has ever been successfully controverted 
in respect cither of its main facts or con- 
clusions. The present book covers essen- 
tially the same ground, but its attitude 
leans much more sympathetically towards 
the religious side of the controversy than 
is the case with either of its predecessors. 
Mr. Simpson’s egg was boiled a very much 
shorter time than either Mr. Draper’s or 
Mr. White’s. 


MATTER, MAN AND MEND. 

By W, F, F, Shearcroft The Macmillan Co. 
$3-00 5I X 8f; 191 New York 

This entertaining and well-written vol- 
ume wanders widely over the whole range 
of science, but with a great deal more 
emphasis upon biological than upon phys- 
ical matters. It ought to have a wide 
popular appeal. Its science is sound, its 
style has clarity and real charm, and it 
avoids the blatancy of the yellow journal, 
which in America is rapidly coming to 
be regarded as the highest ideal of popular 
scientific writing. 


RELIGION AND NATURAL SCIENCE. 
By E. Haigh Student Christian Movement 
4s. 6d. 5I X 8; xi + 170 London 
This is a religious tract written by a 
secondary school teacher of physical 
science. Its obvious purpose is to keep 
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bright young boys and girls, who may 
chance to become interested in sci^ce, 
from straying out of the safe and pleasant 
fold watched over by the pastor. We are 
told that “Faith is not a weaker kind of 
knowledge, a sort of crutch to lean 
upon when our footing is not secure. 
It is the exercise of a higher faculty than 
the intellect’' (p. 117). 

HOMOOP ATHIE. Kritische Gauge Huhen 
und Druhen. (Moderne Biologic Hep lol) 
By Prof. Dr. Hans Msich Curt Kabit^sch 
4*10 marks 5x7!; 141 Leipzig 

A welcome candidate to the Budget of 
Biological Paradoxes. It is a quasi- 
philosophical discussion of what home- 
opathy is, what it is not, and what it 
should be in the light of modern biolog- 
ical knowledge. 


DISEASE PREVENTION. 

By Herbert H. Waite Thomas Y. Crowell Co. 
$4.50 6 X 9; xi + 667 New York 

This treatise on preventive medicine 


strictly follows the conventional lines. 
Its interest would have been enhanced by 
illustrations and by greater conciseness. 
Its chief usefulness seems likely to be as 
a convenient reference work. 


THE AMERICAN ILLUSTRATED MED- 
ICAL DICTIONARY. (A New and Com- 
plete Dictionary of the Terms Used in Medi- 
cine, Surgery, Dentistry, Pharmacy, Chem- 
istry, Nursing, Veterinary Science, Biology, 
Medical Biography, etc., with the Pronun- 
ciation, Derivation, and Definition, Including 
much Collateral Information of an Encyclo- 
pedic Character!) 

By W. A. Netoman Dorland 

W. B. Saunders Co. 
$7.00 X 9; 1344 Philadelphia 

The thirteenth revised and enlarged 
edition of this well-known and thoroughly 
established medical dictionary contains 
about 1500 new words. Dorland’s Dic- 
tionary is a never failing resource to the 
biologist who finds himself entangled in 
the intricacies of medical technicalities. 






’he fetuses (above) are arranged in the same order as the adults (below). All the figures have the same sitting height. The 
lan fetus is of the 4th month, the gorilla and the gibbon fetus correspond in development to the human fetus, but the chimpanzee 
the orang fetus are slightly more advanced in their growth. The figures for chimpanzee and gorilla have been constructed from 
tsurcmcnts and photographs in the literature. 
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FETAL GROWTH OF MAN AND OTHER PRIMATES 

By ADOLPH H. SCHULTZ 

Laboratory of Physical Anthropology^ Department of Anatomy^ Johns Hopkins University 


I. INTRODUCTION 

W HEN human growth is di- 
vided into an embryonic, 
a fetal, and a post-natal 
period, it is found that our 
knowledge in regard to the first and last 
parts is far more advanced than that of the 
middle or fetal period. Of all biological 
sciences embryology and physical anthro- 
pology have contributed the largest shares 
to the literature on human growth. The 
physiology and the histology of growth 
have been investigated much less and not 
until in comparatively recent years, the lat- 
ter for instance by Levi (1915), the former by 
Friendenthal (1914). Comparative studies 
on the growth of different animals have 
been undertaken for but few and special 
purposes and no comprehensive paper 
on this promising problem is available as 
yet. In short, it can be stated that of the 
multi tutde of questions, arising from the 
study of growth, a large proportion has 
up to the present time either not been 
answered at all or only in a tentative and 
incomplete manner. 

This review is restricted almost entirely 


to observations from the field of physical 
anthropology and places main emphasis on 
the period of growth extending from the 
time the embryo has gained a definitely 
human form to birth. In other words, 
the following discussion will deal prin- 
cipally with those ontogenetic changes in 
body size and proportions which take 
place during that phase of development 
which links the period properly assigned 
to embryology with that covered by the 
enormous literature on growth in children 
(Baldwin (1911) has collected 91 1 titles 
pertaining to the growth of man from 
birth to maturity). Conditions in juve- 
niles and adults are mentioned in this 
paper merely in order to indicate the gen- 
eral trend of growth changes during life 
after birth, and to compare certain features 
of fetal development with those at later 
stages of growth. 

Literature 

As mentioned before, the literature on 
human fetal growth is, relatively speak- 
ing, not very extensive. The majority of 
the papers have a very limited scope, 
dealing only with the weight and some 
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few main dimensions of the fetus. De- 
tailed investigations on fetal body propor- 
tions are with few exceptions based upon 
insufficient material, from a study of 
which it has been rarely possible to arrive 
at the typical, representative conditions. 
Individual variations are fully as frequent 
and pronounced before birth as in later 
stages of growth, as shown, for instance, 
by Fischel (1896) and Mehnert (1896) for 
vertebrates in general and by the author 
(19x6 c) for man in particular. To 
examine large numbers of individuals is, 
therefore, as essential for conclusions on 
prenatal development, as it was always 
deemed absolutely necessary in work on 
the growth of children. 

Little could be gained here by attempt- 
ing an exhaustive review of the literature 
on fetal growth in man. This would 
require an undue amount of space, in 
which to enumerate and analyze the many 
discrepancies — often due to inaccurate 
technique — in the results of the older 
investigators. Therefore, only some of 
the more important papers will be men- 
tioned in this introduction, and reference 
to others will be made later on in connec- 
tion with the particular problems on 
which they bear. The main part of this 
paper will be devoted to a presentation of 
final facts and of recent observations, 
while the varying and more or less hypo- 
thetical interpretations of these findings 
will be assigned a subordinate role. 

The first problem of prenatal growth is 
the correlation between age and size of 
the developing organism. Data on this 
serve also in another fundamental prob- 
lem, namely in the calculation of the rate 
of growth in the different periods of 
intrauterine life. Of the authors who 
have worked along these lines the follow- 
ing may be mentioned: Hecker (1866), 
Ahlfeld (1871), Fesser (1873), Calderini 
(1875), Henning (1879), Toldt (1879), 


Hamy (1880), Preyer (1885), Faucon 
(1897), Daffner (1901), Loisel (1903), 
Michaelis (1906), Roberts (1906), Tuttle 
(1908), Stratz (1909 a & b), Jackson 
(1909), Mall (1910 & 1918), Zangemeister 
(1911), Weissenberg (1911), Friedenthal 
(1911), Meyer (1914 & 1915), and Streeter 
(19x0). Very extensive and reliable data 
are contained in the paper by the last 
named author and it is upon this paper 
that the writer has based the age estima- 
tion of his material. 

A number of attempts have been made, 
chiefly by Noback (1911), Scammon and 
Calkins (192.3), and Arey (19x5), to reduce 
various phases of fetal growth to mathe- 
matical formulae by introducing certain 
constants. In view of the above men- 
tioned high variability during fetal life 
and for certain reasons, to be referred 
to later on, such formulae can represent 
only a rough approximation to the actual 
and complicated conditions of growth. 

The fetal growth of the head has been 
studied particularly from the obstetrical 
point of view, as for instance by Legou 
(1903), Leon (191X), and Calkins (19XX). 
Detailed investigations on the growth 
before birth of the limbs alone have been 
made chiefly by Burtscher (1877), Mendes 
Correa (1919), and Reicher (19x5). A 
variety of measurements, covering all 
parts of the fetal body, have b^en pub- 
lished by Retzius (1904), who based his 
studies on a total of 87 specimens, by 
Reicher (19x3), who had a series compris- 
ing 366 fetuses, and by the writer (19XX & 
19x3 b), who has examined a series of 
6x3 fetuses. 

Fetuses of different human races 

Unfortunately there are as yet but few 
publications on fetuses of races other than 
the white. Friedenthal has described the 
fetus of a Papua (1913) and one of a negro 
(1914). Some few data on seven fetuses 
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of the latter race have been published bp 
Hamy (1881). The writer (192.0) has 
studied the prenatal development of the 
nose on a large series of negroes and on 
some Filipinos, American Indians, and 
Japanese, and in a later paper (192.3 b) 
he gave a preliminary report on the general 
body proportions of 168 negro fetuses. 
Three recent papers deal with Japanese 
fetuses: Kudo (192.3) gives data on the 
viscera of in specimens, Akiba (192.4) 
measured certain proportions, particu- 
larly in regard to the limbs, on 160 fetuses, 
and Nishizuka (19x5), in an excellent 
study on the development of the bones in 
the extremities of the Japanese (70 speci- 
mens of prenatal stages), lists a few fetal 
proportions. 

Fetuses of apes and monkeys 

The changes during growth in the size 
and proportions of the body, when studied 
in man alone, can mostly go little beyond 
a mere recording of the bare facts and 
allow but few conclusions as to the prob- 
able reasons underlying the changes. 
Many of the reasons, however, are sug- 
gested by comparing human growth with 
that in other animals, particularly other 
primates. For such comparative growth 
studies relatively little help is found in 
the literature. Not only have rather few 
data on fetuses of monkeys or apes been 
recorded, but the varying technique, 
employed by the different authors in 
measuring their material, renders exact 
comparison almost impossible. Some em- 
bryos and fetuses of various primates have 
been described (mostly with good illus- 
trations, but with few, if any, measure- 
ments) by Kollmann (1891 a & b), Selenka 
(i89x, 1899, 1903), Wiedersheim (1901), 

Frederic (1905), Keibel (1906 & 1911), 
and Bluntschli (1913). Data on other 
specimens, including some detailed meas- 
urements, have been published by Trin- 


chese (1870) for an orang-utan fetus, by 
DeiSker (1884 & 1885) ^ gorilla and a 

gibbon fetus, by Toldt (1903) for two 
macaque fetuses, by Ducicworth (1904) 
for a gorilla fetus, by Schwalbe (1911) 
for 4 orang fetuses, X3 gibbon and siamang 
fetuses, and 67 Asiatic monkey fetuses, by 
Friedenthal (1914) for two chimpanzee 
fetuses, and by the writer (19x1 b) for two 
howler monkey fetuses, (19x4 a) for three 
Colobus monkey fetuses, and (19x4 b) 
for 5 anthropoid fetuses, ix gibbon and 
siamang fetuses, X5 fetuses of Old World 
monkeys and X4 fetuses of American 
monkeys. In addition to these prenatal 
stages use was made of 109 infantile, 
juvenile, and adult monkeys and apes. 
Detailed information on the different 
species and on all the measurements and 
observations obtained from this material 
will soon be published elsewhere. The 
species names, used in this paper, are 
according to Elliot (1913). 

Recapitulation theory 

It is evident from these references to 
previous work on the development of 
different human races and of the various 
monkeys and apes, that no complete 
picture of fetal growth in primates can 
be given as yet, since only for the white 
race of man are there anywhere nearly 
sufficient data available. However, these 
comparative studies have progressed far 
enough to establish at least some of the 
outlines for this new chapter of science, 
in which embryology, physical anthro- 
pology, and primatology cooperate and 
really overlap. These outlines promise to 
be very helpful for our understanding of 
the many widely diverging specializations 
in different primates, including man. It 
will be shown later on that a great many 
human racial differences are already ap- 
parent in the fetus. This is, of course, 
not restricted to man, but holds true also 



468 


THE QUARTERLY REVIEW OF BIOLOGY 


in regard to other mammals. For in- 
stance, Lonnberg (1917) has shown ^that 
in elephant fetuses the racial characteris- 
tics are very conspicuous, and this com- 
paratively early since one specimen of 
Ele-lhas afncanus cottoni Lydekker had a 
crown-rump length of only 305 mm. The 
writer found some of the distinguishing 
features of certain breeds of dogs well 
defined in fetuses. Most of the peculi- 
arities of the different monkeys and apes 
are clearly indicated before birth. How- 
ever, racial differences, as well as the dis- 
tinguishing characters of man and apes 
are less pronounced in early than in late 
growth stages; indeed, in embryos the 
similarity of certain body parts may at 
times verge on identity. As extreme 
specializations were not yet present in 
earlier evolutionary stages of the species, 
so are they lacking in early growth stages 
of the individual. This constitutes one 
of the main supports for the well-known 
and much contested recapitulation theory, 
according to which ontogeny (or individ- 
ual development) repeats phylogeny (or 
the evolution of the species) . This theory, 
which, at its inception, was even called a 
law, can not be taken literally and is to 
be applied with great caution. The- 
oretically it should be regarded as a work- 
ing hypothesis and thus as a constant 
challenge for a possible other, and per- 
haps more satisfactory, explanation. How- 
ever, the apparent exceptions to this 
theory, which have been quoted in the 
past in attempts to discredit it, appear to 
the author merely as evidence of the many 
other natural agencies which interfere 
with the exclusiveness of the principle of 
recapitulation by superimposing them- 
selves on the latter. 

In the search for the causes of onto- 
genetic changes the writer has always 
endeavored to look first of all for possible 
explanations other than those involving 


any phylogenetic speculations. However, 
if no direct causation offers itself, one is 
simply compelled to interpret the change 
as a phyletic contraction and by this is 
meant the inherited passing (or sometimes 
even permanent) re-appearance of a con- 
dition having existed in ancestral forms 
at some period of their growth. A great 
many phenomena of growth could not be 
understood to-day without at least this 
conservative versioa of the recapitulation 
theory. The tremendous amount of liter- 
ature for and against this fundamental 
theory can not be discussed in this con- 
nection, but readers are referred at least 
to the critical essay by Naef (1917) and 
to the conclusions of Peter (1910) in 
regard to limiting and modifying in- 
fluences on “recapitulation.” 

II. METHODS OF INVESTIGATION 

All the detailed methods for the an- 
thropological study of fetal growth will 
be described in full in another paper by 
the author which is to appear soon in the 
Contributions to Embryology (Publica- 
tions of the Carnegie Institution of Wash- 
ington). The justification of particulars 
in the technique chosen by the author, 
the necessary instruments, and the mathe- 
matical treatment of the data obtained 
will also be completely discussed in this 
future paper. 

Since, however, the present paper deals 
chiefly with the ontogenetic changes in 
the size and proportions of the body some 
brief remarks have to be made in regard 
to the technique of measuring. To neglect 
this, as so many former authors have done, 
would render the data to be presented 
useless or at least unreliable for future 
comparative studies. 

The measurements on fetuses correspond, 
wherever possible, in every detail to those 
in general use on adults. The latter have 
been described in full by Martin (1914) • 
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Figure i gives in a diagrammatic way |iiost 
of tjie measurements on fetuses and shows 
that the majority of these are determined 
by the underlying structures of the skele- 
ton. The figure is self-explanatory, so 
that it only remains to describe a few addi- 
tional measurements which could not be 
drawn in. The total head height is the 
distance from the vertex to the chin 
(perpendicular to the ear-eye horizon). 
The head length is taken from the glabella 
to the most distant point on the occiput. 
The horizontal head circumference is also 
determined by these last mentioned points. 
The face breadth is the greatest width 
between the zygomatic arches. The in- 
terocular breadth is the width between the 
inner angles of the eye clefts. The nose 
breadth represents the greatest width 
between the nasal wings. The cephalo- 
thoraco-abdominal height is the distance 
between the upper edge of the symphysis 
pubis and the vertex. The stature is ob- 
tained by adding to the last measurement 
the thigh length and the knee-sole length. 
On fetuses and in primates the lower 
limbs can not be straightened without 
injury to the specimen and the stature can 
therefore not be measured directly but has 
to be a composite measurement. The 
symphysion-acromion height is the dis- 
tance from the upper edge of the symphysis 
pubis to the middle of a line connecting 
the two acromion points. The height 
of the shoulder over the suprasternal 
notch is the difference between the last 
measurement and the anterior trunk 
height. The above mentioned line be- 
tween the two acromial points constitutes 
the shoulder (or biacromial) breadth. 
The lower width of the trunk, or the hip 
(bitrochanteric) breadth, is the distance 
between the two trochanterion points, 
which overlie the most lateral points of 
the great trochanters. Finally, the sagit- 
tal and transverse diameters of the chest 


and the horizontal chest circumference 
are taken at the level of the fourth pair 
of ribs, where this meets the sternum. 

With these measurements it is possible 
to construct complete and accurate dia- 
grams of the body proportions of any 
specimen or, from the average measure- 
ments, of the type for any growth stage 
(see e.g., the frontispiece to this paper). 

The absolute size of the various body 
parts is of less importance in a discussion 
of growth than their relative size or 
proportions. The stature is most com- 
monly used as the standard in percentage 
of which other measurements are figured. 
However, the total body height is really 
not a morphological unit and can only be 
satisfactorily taken in children and adult 
man. In other mammals, in which the 
posterior extremities are more or less bent 
toward the trunk, no one would think of 
combining the height of the head with the 
length of the neck and trunk ^d that of 
the posterior limb in one measurement. 
This fact that the standing height of man 
is composed of so entirely different units 
limits its value as a standard for relative 
measurements to few and special purposes, 
such as racial studies on adults. One 
of the few real justifications, even in racial 
studies, for expressing measurements in 
relation to stature is the fact that nearly 
all the previous data on adult man are 
recorded in this way. Pfitzner (1893) 
and Mollison (1911) have expressed them- 
selves even more emphatically against the 
use of stature as a basis for relative 
measurements. In work on growth and 
in comparative investigations on different 
primates the most suitable standard is 
the sitting height, or, better still, the 
anterior trunk height. The latter 
measurement characterizes the develop- 
ment in length of the trunk. This con- 
stitutes the closest approach to a perfect 
standard for the main body proportions. 
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The relations in size between the limbs or 
tlie head and the trunk are unquestion- 
ably more important than the proportion 
between, e.g., the lower limb length and 
the stature, of which the jSrst measurement 
itself forms a large and very variable part. 


upon stature. No general rule can or 
shoi^d be proposed as a guide for the many 
detailed proportions; these are determined 
by the particular problems to be solved. 

The source of technical error in measur- 
ing small fetuses is not necessarily greater 



Fig. 2.. Cttrves ot Growth tor Stature, Sitting Height, Length oe Lower Limb (Gr. Trochanter to Sole} 
Anterior Trunk Height, and Head Length or White Fetuses (5 Weeks to Birth) 


Furthermore, the relations between the 
limbs, or head, and stem can be directly 
compared in all different growth stages 
and in all primates, or in even widely 
different groups of mammals, whereby the 
typical differences are far more clearly 
brought out than in proportions based 


than in measuring the living adult, since 
on the dead fetuses one can readily control 
the determination of the points of measure- 
ment by the aid of fine pins or even by dis- 
secting the soft parts over the skeleton, 
wherever the latter can not be palpated on 
the surface with absolute certainty. The 
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preservation of fetuses introduces a pos- 
sibility of artificial changes, as was shown 
by the author (1319) on some special 
experiments. However, more than 96 
percent of the material, used in this study, 
was preserved uniformly in 10 percent 
formalin, so that the error through differ- 
ent preservation can be considered as 
negligible for all practical purposes. 
The error in consequence of the slight 
swelling of the tissues in the preserving 
fluid must affect the entire series in a simi- 
lar way and thus can exert but a very in- 
significant influence upon proportions and 
their fitness for comparison. 

All the absolute measurements in this 
paper are given in millimeters. The fetal 
age is stated in weeks or in lunar months 
(4 weeks each) and represents the so-called 
menstrual age. 

III. RATES OF GROWTH 

Age and growth rate 

The human body grows at entirely 
different rates in different periods of its 
development; in general it can be said that 
this rate of growth diminishes very rapidly 
with advancing age. The fertilized ovum 
has an approximate weight of 0.005 
milligrams (Meyer, 1914), at the begin- 
ning of fetal life (9th week) the body 
weighs roughly i.i grams (Streeter, 192.0), 
which means that during embryonic 
development the weight is increased for 
120,000 times its initial amount. If the 
average weight of the white newborn is 
placed at approximately 3100 grams, the 
increase during fetal growth equals 1,900 
times the weight at 9 weeks. Finally, 
during life after birth the weight of the 
newborn is increased only about 10 times. 
In relation to time these growth rates are 
even more strikingly different, since em- 
bryonic life lasts roughly 8 weeks, fetal 
life 31 weeks, and postnatal growth about 


1000 weeks . In the first period the weight 
increases on an average per week 17,500 
times, in the second or fetal period 90 
times, and in the last growth period only 
0.01 times. 

Growth rates in dijferent parts of the body 

The absolute growth during fetal life 
of some of the more important body 
measurements is shown by the curves in 
figure 1. These dimensions, naturally, 
increase at a much slower rate than the 

TABLE I 

Averages for the proportion: Stature in percentage of sitting 
height 


9 weeks 

115.8 


16 weeks 

146.7] 148.1 

10 weeks 

1x6.4 


17 weeks 

147.3 

148.3 

II weeks 

1x8.6 

130.0 

18 weeks 

148.3 

151.6 

weeks 

13X.4 

131.6 

19 weeks 

149.1 

151.1 

13 weeks 

138.0 

135.4 

30 weeks 

148.0 

149.0 

14 weeks 

139-7 

140.7 

31 weeks 

148.7 

150.1 

15 weeks 

141.4 

141.8 

31 weeks 

148.0 

147.3 

16 weeks 

141.6 

144.0 

33 weeks 

149.1 

148.9 

17 weeks 

144.0 

143.8 

34 weeks 

147.7 

148.8 

18 weeks 

144.4 

143.0 

35 weeks 

148.8 

150.4 

19 weeks 

146.0 

147.0 

36 weeks 

146.9 146.7 

io weeks 

146.4 

146.9 

37 weeks 

147.5 

151.4 

2.1 weeks 

146.4 

145 

38 weeks 

148.0 

148.9 

li weeks 

146.5 

148 

39 weeks 

146.1 

149.8 

weeks 

147.1 

149 

40 weeks 

148.0 

148.8 

X4 weeks 

148.0 

149 

Adults 

100.1 

101.7 

2.5 weeks 

148,4 

148 -i 





weight; e.g., the stature amounts on an 
average to 31.7 mm. in the middle of the 
9th week and to 531.1 mm. at birth, an 
increase of only 16.3 times the initial 
value. The different curves do not pro- 
ceed in a constant relation to each other, 
but manifest a certain independence. 
This is best shown on the example of the 
percentage relation between stature and 
sitting height, which is given in table i. 
At 9 weeks of fetal life the standing height 
exceeds the sitting height by only 15.8 
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percent o£ the latter, at the end of the 6th 
month the former measurement is nearly 
one and a half times as long as the latter 
measurement, and in adults the stature 
equals about twice the sitting height. In 
other words, the total body height grows 
much faster than the sitting height from 
the 3th to the 15 th week of fetal life and 


negroes have the slightly higher values, 
is Stlready clearly indicated in fetuses, 
since in week groups the negro fetuses 
have higher averages than the white 
fetuses, whereas in only 9 groups is this 
relation reversed. The higher this index 
the relatively longer are the lower ex- 
tremities. This racial difference means, 


TABLE X 

Monthly averages of the relative weekly increments in some holy dimensions of white fetuses. The relative weekly increment 
is obtained by expressing the difference between the averages of a given measurement in two successive weeks 
(absolute weekly increment) in percentage of the smaller average 


MEASUREMENT 


B 


% 


General: 

Standing height 

Sitting height 

Trunk: 

Trunk height 

Chest circumference 

Shoulder breadth 

Hip breadth 

Upper limb: 

Total length 

Upper arm length 

Forearm length 

Hand length 

Imer limb: 

Total length... 

Thigh length 

Leg length 

Foot length 

Head: 

Length 

Breadth 

Height 

Horizontal circumference 

Total face height 

Face breadth 

again during postnatal development. 
From the 15th to the 20th week the differ- 
ence between the growth rates of these 
measurements is but little, and between 
the 6th month and birth the two grow 
about equally fast. Incidentally, table i 
shows also that the racial difference in 
this proportion, according to which adult 


3X.6 

19.8 

10.5 


5.1 

3.0 

X.7 

4.0 

16.7 

17.6 

9-7 

C .4 

4-9 

3-1 

3.0 

3.8 

15.x 

18.0 


8.x 

5*7 

3.0 

1.6 

5-3 

X3.i 

19-3 

10.7 

6.0 

1.6 

4.x 

X.3 

4-7 

X4.3 

19.3 

II. I 

6.x 

4.8 

3.4 

^5 

6.x 

31.0 

X3.6 

II. 5 

7.5 

4*3 

4.0 


5.6 

39-3 

2 - 3*3 

II. I 

5.8 

4-5 

X.5 

3.1 

4.4 

44-5 

X3.X 

10.3 

5.x 

4.0 

X.I 

x.9 

4.4 

46.4 

14.0 

10.9 

5*3 

4.0 

1.6 

x.5 

4.9 

x6.o 

X1.3 

IX. 6 

7.3 

5-9 


4.x 

4.0 

45-5 


IX. 3 

6.9 


X.9 


4,0 

45-7 

i3.o 

II. 5 

6.8 

3-7 

3-5 

x .7 

4.1 

48.7 

X6.5 

IX. 6 

6.7 

4.4 

X.4 

3-3 

3.6 

X9.5 

XI. 9 


8.1 

5-9 


3-7 

4.0 

Xi.O 

17.0 

9.9 

5-9 

4.x 

X.4 

x .7 


XI. X 

17.4 

8.7 

5.1 

3-5 

3.6 

x.3 

x.3 

X4.0 

15.3 

9-4 

4-5 

4.6 

1.7 

x.8 

3.1 

X4.9 

16.6 

9.4 

5.8 

3-6 

X.8 

x.8 

x.6 

X5.0 

16.9 

II . 0 

5-7 

3-3 

4.6 

1.7 

3-3 

X3.5 

19.5 

9.5 

4.9 

3.1 

3-3 

X.6 

3.0 


therefore, that negroes have in general 
proportionately longer legs than whites 
(see also Bean, 1922) 

Fluctmtions in growth rate 

It has been shown above that in general 
the rate of growth diminishes very mark- 
edly with advance in age and that different 
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parts of the body grow at times with 
different intensity. Both these general 
rules, in their particular application to 
fetal growth, are very evident in the 
figures listed in table z. The relative in- 
crements of all the various measurements 
are far higher in the first than in the last 
part of fetal life. However, the decrease 
in these increments is not quite con- 
tinuous, since it changes in most measure- 
ments to a slight increase during the last 
few months before birth. Thus, the ac- 
tually lowest rate of growth occurs in the 


can here be mentioned, namely those by 
Zeising (1854) and by Bean (1913, 19Z4). 

Alternations in growth rate 

Besides these fluctuations there occur 
clear alternations in the growth rates of 
different parts of the body. For instance, 
as shown by table z, the relative incre- 
ments for the trunk height are greater than 
those for the chest circumference and 
shoulder breadth in the 3rd month of 
fetal life. In the 4th and 5th months this 
relation is reversed, only to change back 



FETUS, 9 WEEKS . FETUS, 15 WEEKS. 79.1 NEWBORN . 97.5 ADULT. 68.7 

Fig. 3. Schematic Represent ationt of the Relation between Foot Length and Leg Length (Length of 
Tibia) at Different Growth Stages 

All the tibiae have been drawn to the same length (= 100). The proportions of these drawings arc based 
upon the averages of measurements on large series of whites. 


stature, sitting height, and trunk measure- 
ments during the 9th month, in the 
majority of the limb measurements during 
the 8th month, and in most of the head 
measurements during the 8th or 9th 
month. This indicates a certain periodic- 
ity for fetal growth, similar to the well 
known fluctuations in the growth rates 
after birth which are not restricted to 
man, but are found in other animals as 
well (e.g, Gartner, 19ZZ). Of the many 
papers dealing with the periodicity of 
postnatal growth only the first and last 


again in the 6th, 7th, and 8th months, and 
to change a third time in the 9th and loth 
months to a preponderance in rate of 
growth in width over that in height. 
Not only growth in height and width 
alternate in intensity — ^producing suc- 
cessive periods of “streching” and of 
'‘filling” — but also growth in such ad- 
joining parts of the body as the different 
segments of a limb. For instance, the 
most distal parts of the extremities, the 
hand and foot, grow more slowly than the 
more proximal parts during the 3rd and 
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,tiie 4th months, whereas from the 5th 
to 9th month the relative increments of 
the upper arm and forearm surpass those 
of the hand and the increments of thigh 
and leg are larger than those of the foot. 
In a similar way alternate the growth rates 
in the trunk height and in the total limb 
lengths, the latter increasing faster than 
the former during the 3rd, 4th, and 5th 
months, but more slowly in the 6th, 7th, 
and 8th months and again in the loth 
month, while in the 9th month it is once 
. more the trunk which grows at the slower 
rate (see table 1). Such alternations in 
growth rate also take place during post- 
natal life, only there they are spread over 
much longer periods, which are reckoned 
in^ years rather than in months (e.g. 
’Godin, 1903 & 1910 a). 

These changes in the relation between 
the intensities of growth in different body 
parts determine directly the changes in 
the proportions during development. An 
illustration of this is given by figure 3 
which shows the striking fluctuations in 
the proportion between the lengths of 
foot and leg. At 9 weeks of fetal life 
the human foot is very much longer than 
the leg, at 15 weeks the leg has become 
the longer of the two on account of the 
much slower growth rate in the foot 
than in the leg, but at birth both are 
nearly equal in length. During growth 
after birth the leg again increases faster 
than the foot, reducing the length of the 
latter to 69 percent of that of the former. 

Growth rate and speks differences 

Different proportions in adult primates 
with divergent specializations can often 
be traced to differences in growth rates, 
as shown by the example in figure 4. 
In early fetuses the three segments of the 
upper extremity have practically the same 
proportionate lengths in man and gibbon; 
the middle segment at this time is the 


shortest in both. In older fetuses the 
forearm has surpassed the hand in length 
in man and ape. Not until birth appears 
the peculiarity of the gibbon, i.e., a fore- 
arm exceeding in length the upper arm, 
and even then this is just barely indicated. 
The great lengthening in the upper ex- 
tremity of the gibbon, which is unequaled 
in its proportionate amount by any other 
primate, takes place most of all in the 
forearm, but the excess of the latter over 
the upper arm becomes most pronounced 
only at the completion of growth. Thus, 
it can be said that it is primarily a differ- 
ence in relative rate of growth which 
brings about the difference in the arm 
proportions between adult man and gibbon. 

Law of developmental direction 

This chapter on the rates of growth 
can not be closed without some brief 
remarks bearing on the so-called law 
of anteroposterior development (Child, 
1915), or of cephalocaudal differential 
growth (Kingsbury, 1914, 1916) which 
is also called the law of developmental 
direction (Jackson, 1914). According to 
this law, the early differentiation of 
the embryo, as well as its later develop- 
ment, proceeds in general in all vertebrates 
in the head-to-tail direction, so that the 
more caudal parts of the body are for a 
considerable period a step behind the 
more cephalic parts in their development. 
This, for instance, is evident from the 
fact that the arm bud antecedes the leg 
bud in its appearance. This acceleration 
in the development of the upper extremity, 
or retardation in that of the lower ex- 
tremity, is not confined to embryonic 
growth but clearly persists even to ad- 
vanced stages of fetal life. Illustrations 
of this are furnished by the following 
notes from the author’s observations on 
human fetuses: The separation of the 
fingers occurs earlier than that of the toes. 
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The touch pads on the hand can be either 
dimly recognized or have disappeared al- 
together in fetuses (of about iz weeks) 
in which the plantar touch pads are still 
well defined. In many fetuses of about 
the zind week sparse and very short 


bear already hairs of considerable length. 
The papillary ridges develop slightly* 
sooner on the palm and fingers than on 
the sole and toes. Fetuses of the 6th 
month have ossified zones in all the mid- 
dle phalanges of the fingers, but in the 



Fig. 4. Diagram of the Growth Changes in the Proportions of the Upper Limb of Man and of Gibbon 
The perpendicular rods represent the lengths of the upper arm, forearm, and hand in percentap of the total 
upper limb length. The values for man are averages from large series of whites. The values for gibbon are 
those of a Hylohates concolor (sitting height 11.5 mm.) corresponding in development to a human fetus of 9 weeks, 
and for the older growth stages of Hylohates pkatm^ i.e., of a fetus (83 mm. sitting height) corresponding to a 
16 weeks old human fetus, ora newborn (198 mm. sitting height), and of the averages of six adults. 


lanugo can be made out of the upper arm 
(particularly near the elbow), while no 
hair at all can be detected on the lower 
limbs of the same specimens. In slightly 
older fetuses, in which the lanugo on the 
thighs has just become visible, the arms 


toes these phalanges have either no trace 
of ossification as yet or only for the second 
and third toes. 

Since the more cephalic parts of the 
body have a higher initial rate of growth 
than the more caudal parts, it can be con- 
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eluded that the latter must subsequently 
grow at a higher rate in order ultimately 
to catch up, so to speak, with the former. 
This could be shown on many examples, 
but it sufhees to mention a few: The 
lower width of the trunk (hip breadth) 
in white fetuses forms at 9 weeks only 
58 percent of the upper width (shoulder 
breadth), however, from the 3rd to 6th 
month the former grows very much faster 
than the latter (see tables 1 and 4), raising 
the proportion between the two measure- 
ments to 83 at the Z4th week. In young 
fetuses the cervical region of the spine is 


This is clearly shown by the age changes 
in tke relation between chest circumfer- 
ence and trunk height, listed in table 3. 
In human fetuses of the 9th week this 
percentage proportion averages 2.38, in 
adult man only 170. In other primates 
the values for young fetuses are also 
higher than those for adults. In the 
orang-utan and in the howler monkey 
the figures indicate a tendency for a late 
secondary increase in this proportion, 
however, the individual variability in the 
relative chest girth is so marked in all 
primates that data on many more speci- 


TABLE 3 

Growth changes in the proportion: Chest circumference in percentage of anterior trunk height. The indices for man are 
approximate means ^ those for other primates are based upon single specimens. The development (hut not the actual age") 
ofjhe different monkey fetuses in a given perpendicular column corresponds approximately to that of human fetuses of the 
<rfeated age in tke particular column 




Preoaral (moQtli) 


Postaatal 


3rd 

4 th- 5 th 

6th-8th 

9th-ioth 

Infaat 

Javeaile 

Adult 

Man (Whites). . . 

Z13.0 

zi6.o 

197.0 

184.0 

179.0 

173.0 

170.0 

Orang-utan 


ZI3.I 

Z08.6 

Z08.Z 

197-3 

Z09.Z 

ZO9.5 

Gibbon 

198.3 

199.4 

180.6 

173-4 

168.6 

167.9 

148.0 

Baboon 


155. z 

144.7 

143.0 

143.0 

I4Z.6 

140. Z 

Macaque 



156.6 

141.9 

IZ9.Z 

110.3 

104.5 

Proboscis monkey 


140.5 

136.6 

1Z3.Z 



97.8 

Colobus monkey. 


144.0 

137.5 

1Z4.7 


98.7 

90.7 

Capuchin monkey 


144.6 

150.4 

135-3 

I3I.7 

IZ7.4 

IZ9.5 

Spider monkey. . . 



190. 1 

170. z 

165.0 

140.4 

IZZ.4 

Howler monkey. . 

175.8 

176.4 

16Z.5 

15Z.Z 

14Z.8 

141.Z 

149. z 


more developed than the lumbar region, 
the former constituting 16 percent of the 
praesacral spine length, the latter only 
Z5 percent. In the course of growth the 
relative length of the lumbar region soon 
surpasses that of the cervical region, 
which in adults has decreased to xi. per- 
cent, while the lumbar region has become 
lengthened to yx percent. 

IV. TRUNK 

Chest circumference 

The trunk becomes in general more and 
more slender with advancing growth. 


mens are required to render this conclu- 
sion final. Should it prove to be correct, 
it would correspond closely to the slight 
secondary increase in the relative chest 
circumference of man between the ages of 
puberty and about 40 to 50 years. It is 
interesting to note that the amount of 
ontogenetic change in the relative stout- 
ness of the trunk is very different in 
different primates. For instance, in the 
spider monkey the index drops between 
the fetal age of 6 to 8 months and adult 
life for 68 units, while in man, in the 
same interval, for only xj units, and in 
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the baboon for only 5 units. Of special 
significance is the fact that the rnnge 
(difference between minimum and maxi- 
mum, table 3) of this index among pri- 
mates of corresponding development be- 
comes steadily larger with advance in 
growth. Thus, the range among fetuses 
of 6 to 8 months amounts to jx units, or 
43 percent of the average index in that 
column; in fetuses, 3 to 10 months old, 

TABLE 4 

Averages of the po-portkn: Hip breadth in percentage of 
shoulder breadth in white and negro fetuses and 
adults 


9 weeks 

58.Z 


z6 weeks 

80.5 

81.5 

10 weeks 

61.4 


17 weeks 

78.5 

75-4 

II weeks 

63.4 

64.8 

z8 weeks 

81.7 

80.8 

12. weeks 

68.0 

64.6 

19 weeks 

78.3 

75-3 

13 weeks 

69.8 

66.4 

30 weeks 

79. z 

75.8 

14 weeks 

74-3 

69. z 

31 weeks 

80.5 

8z.7 

15 weeks 

74 -S 

76.5 

3Z weeks 

83.9 

79‘i 

16 weeks 

78.Z 

76.0 

33 weeks 

84.8 

79-3 

17 weeks 

73.2. 

77.5 

34 weeks 

86.6 

8z.8 

18 weeks 

80.5 

80.3 

35 weeks 

87.1 

06 

19 weeks 

80. z 

78,9 

36 weeks 

85.8 

79-3 

xo weeks 

79-4 

77.1 

37 weeks 

83.3 

84.4 

2.1 weeks 

8z.i 

81,6 

38 weeks 


77-7 

zx weeks 

8Z.4 

78.3 

39 weeks 


8Z.9 

Z3 weeks 

81.8 

83*3 

40 weeks 

84.0 

80.5 

Z4 weeks 

83.3 

8Z.4 

Adults 

90.9 

86.7 

z$ weeks 

84.0 

8z.o 





it is 85 units (=55 percent of average); 
in juvenile primates the range amounts 
to no units (= 75 percent), and in adults 
to 1 19 units (= 87 percent). It can be 
stated, therefore, that even in fairly old 
primate fetuses the divergent speciali- 
zations in the trunk shape have as yet 
advanced only about one half as much 
(relative difference between extremes 43 
percent) as in adult primates (extremes 
87 percent apart). 

Hip breadth 

With advance in growth the human 
trunk becomes relatively broader at its 


lower end, i.e., the hip breadth increasce 
faster than the trunk height, a conclusion 
which is also reached from a comparison 
between the increments in these two 
measurements, as listed in table z. In 
white fetuses of the 9th week this relative 
hip breadth (hip breadth in percentage of 
trunk height) averages 4Z.3, at the end 
of the 4th month it has increased to 53.3, 
from then to birth it remains in general 
stationary, only to increase a second time 
during growth after birth, reaching an 
average of 61.5 in adult white men. 
This important and very marked age 
change escaped entirely the attention of 
Retzius (1904), who expressed the pelvic 
width in relation to body length, con- 
cluding that no changes in this proportion 
occur during fetal life. Weissenbeig 
(1911) also formed an index of the hip 
breadth and stature in a small series oi 
fetuses and finds it to decrease with ad- 
vancing age. These two examples show 
again how misleading it can be to use 
stature as a standard in the study of 
growth. The conclusions of these au- 
thors are explained by the fact that any 
proportional increase in the width be- 
tween the hips is, especially in early 
development, neutralized or even sur- 
passed by the rapid inaease in length 
of the lower extremity which forms part 
of the stature. Friedenthal (1914), who 
figured the relative hip breadth in the 
same way as the writer, finds it to increase 
during the first part of fetal growth, 
which is in strict agreement with the 
result of the author. 

A few examples will suffice to show 
that, as in the last proportion so in this 
one, not only occur the age changes in 
various primates in a very similar way 
but the differences in this index between 
man and apes or monkeys are again much 
smaller in fetuses than in adults. In a 
gibbon fetus (Hylohates concolor, 56 mm. 
sitting height) the’ relative hip breadth 



FETAL GROWTH OF MAN AND &THER PRIMATES 


479 


■s^nounted to 39.0, in an adult of the same 
species to 48.8, that is a difference from 
the human conditions at corresponding 
stages of growth of 5.3 index units in 
case of the fetus and of 1Z.7 in the adult. 
In a howler monkey fetus (Alouatta pal- 
liata, 48 mm. sitting height) this pro- 
portion is 30.6, and in a full-grown 
specimen 43 .z; the former value lies ii.i 
units below that of a human fetus of 
correspondiiSg development, the latter 
18.3 units below that of adult man. 

The relation between the upper and the 
lower width of the trunk is of considerable 
anthropological interest and this not only 
on account of the marked growth changes 
in this porportion but also for its clear 
racial difference. According to table 4 
-tlie two breadth diameters of the trunk 
approach one another more and more 
with advancing age. Similar ontogenetic 
changes occur in other primates besides 
man (see figure 5), e.g., the index amounts 
to 66.8 in a gibbon fetus (56 mm. sitting 
height) and to 71.8 in an adult of the 
same species (Hylobates concolory, in a 
macaque (Pithecus rhesus) it is 77.3 in a 
fetus (167 mm. sitting height) and 119.6 
in an adult; in a howler monkey (Alouatta 
palUatd) it amounts to 55.4 in a fetus 
(48 mm. sitting height) and to 109.Z in 
an adult. This index among primates 
seems to be correlated to a certain extent 
with their particular modes of progression. 
In those forms which are entirely quad- 
ruped, walking on all four limbs either 
on the ground, like the baboons, or on 
top of branches, like the howler monkey, 
the shoulder breadth is comparatively 
little developed, being less than the pelvic 
breadth in the adult. On the other hand, 
in primates which chiefly hang by their 
arms, like the gibbon, the orang, and the 
spider monkey, the shoulder width is 
relatively broad and thus retains its fetal 
relation to the pelvic width more closely 
than in the first group. The percentage 


relation between hip breadth and shoulder 
brea 4 th of adults amounts in the first 
group of primates always to more than 
100, namely to 119.4 in a baboon (Papio 
hamadryas), 119.6 in a macaque (Pithecus 
rhesus), 109.Z in a howler monkey (Alou- 
atta palliata), and in marmosets and 
lemurs, which also do not habitually 
hang from branches, to 113.0 in a Saimiri 
sciureus, to 104.6 in a Seniocehus bicolor, 
to loi.o in a Leontocebus geojfroyi, to 117.6 
in a Callithrix pennicillata, and to iz6.6 
in a Lemur variegatus. In the second 
group — the forms specialized for swinging 
by their arms — the index is always con- 
siderably less than 100, namely 78. 7 in 
an orang-utan, 71.8 in a gibbon (Hylobates 
concolor), 70.9 in another gibbon (Hylobates 
lar), and 9Z.4 in a spider monkey (Ateles 
geojfroyi). 

Man, with a use of his limbs different 
from that of any other primate, stands in 
regard to this index between the extremes 
of the two groups discussed (gibbon 71, 
man 87-91, baboon 119). Again it should 
be mentioned that fetuses are less different 
in this respect than adults. For instance, 
at stages of development, corresponding to 
the end of the 5 th fetal month in man, 
the index is in a gibbon 70.0, in man 
about 80, and in a baboon 90.Z; i.e., a 
difference between the extremes of zo 
units in the middle of prenatal life as 
compared with 48 units at completion of 
growth. 

The human racial difference in this 
proportion is quite marked in the adults 
(see also Martin, 1914), negroes having 
relatively narrower hips than whites. 
This difference is already clearly indicated 
in fetal life, since the higher averages 
are found in whites in Z3 out of the 30 
week groups, for which fetuses of both 
races could be examined. The figures 
for adults in table 4 are averages for 
series of males. In women the index is 
in most, if not all, races higher than in 
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PRIMATE FEXU5 NEWBORN ADULT 


HOWLING 

MONKEY 

PROBOSCIS 

MONKEY 


GIBBON 


ORANG-UTAN 


CHIMPANZEE 



MAN 



Fig. 5 . Diagrammatic Representation or the Growth Changes in the Trunk oe Various Primates 
The diagrains axe constructed from the anterior trank height (drawn to equal the same size in all figures}, 
the shoulder breadth, and the hip breadth. The exact position of the nipples of the umbilicus is shown in 
the figures. The fetuses of man, gibbon, and howler monkey are approximately of the same stage of development 
C3rd month in man), those of the other primates are somewhat older (roughly corresponding to the 5 th month 
in man). 
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.men, a difference which, like nearly all 
secondary sex differences, does not become 
very marked until rather late in postnatal 
growth. 

Nifples 

The diagrams in figure 5 show that 
during growth the nipples shift their 
relative position on the anterior trunk 
i|K^a.^.gamal direction in all the 
primates, exce]^*«3iaii. In the latter the 
nippies move in a caudal direction on the 
trunk during the 3rd, 4th, and 5 th fetal 
months, from then to birth there prevails 
1 tendency toward a relatively higher 
position, to change back to a secondary 
md marked downward migration of the 
_nj:fples during postnatal growth. In re- 
lation to the ribs the human nipples 
change ontogenetically in the same sense, 
since in young fetuses they overlie the 
second intercostal space, and in adults 
they have reached the fourth or fifth 
ribs. The percentage relation between 
the distance from the level of the nipples 
to the upper edge of the symphysis pubis 
and the anterior trunk height expresses 
accurately the relative position of the 
nipples. This index amounts to about 
71 in adult negroes and to about 74 in 
adult whites. In all other adult pri- 
mates the values are higher (see also 
Mollison, 1911). In individual cases there 
may be but little difference, particularly 
among the macaques and baboons (e.g., 
one $ ad. Pithecus speiosus 74.5, one cf 
ad. Fa-pio hamadryas 76.8, and one $ ad. 
Fithecus nmestrinus 78.7), but the great 
majority of monkeys and apes have very 
much higher indices than man, indeed, 
in some the nipples lie close to the supra- 
sternal notch or right in the axillae. 
Such extremly high nipples are found 
particularly in orang-utan (ad. cf* 93*4), 
in the howler monkeys (ad. cf Alouatta 
palUata 97.8, ad. 9 A^ senkulns 99.6), 


in spider monkeys (ad. cf Ateles geoffroyi 
91.6^ ad. cf A. neglectus 91.7), and among 
marmosets (ad. 9 CalUthrix pmkillata 
92..9). From these notes it can be con- 
cluded that, whereas man has the lowest 
placed nipples of all adult primates, this 
human distinction does not come about 
until late in growth, since in fetuses the 
nipples of monkeys are relatively lower, 
and those of man relatively higher, situ- 
ated than in the respective adults. Fur- 
thermore, it seems justifiable to assume 
that the extreme positions of the nipples 
among primates are most likely late 
phylogenetic specializations, as they arc 
late ontogenetic acquisitions. An orang- 
utan fetus (145 mm. sitting height) has 
an index for the relative position of the 
nipples of 84.9; human fetuses of the same 
stage of development (5th month) have 
an average index of 76.6 (negroes) but 
vary individually to a maximum of 85.9. 
During later growth the changes in this 
index diverge rapidly, causing it to rise 
to 93.4 in adult orang and to drop to 
71 in adult negroes. 

Umbilicus 

In a great many adult monkeys there 
is absolutely no trace of an umbilical 
scar left and even in some juvenile pri- 
mates can the umbilicus not be found. 
This complete absence of any umbilical 
scar has also been noted on other mam- 
mals (Levadoux, 1907). In all primates 
the umbulicus shifts in the course of 
growth to a relatively higher position on 
the trunk, as shown by the examples in 
figure 5, indicating a greater rate of 
growth in the lower than in the upper 
part of the trunk. This is further demon- 
strated by the first column of figures in 
table 5. These figures express the dis- 
tance from the center of the umbilical 
cord or scar to the upper edge of the 
symphysis pubis in percentage of the 
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anterior trunk height. The relative posi- 
tion of the umbilicus is closely correlated 
to the relative length of the lumbar 
region of the spine, i.e., the shorter the 
latter the relatively lower lies the um- 
bilicus and vice versa. This is true in 
regard to different primates as well as 
to the changes during growth (see table 
5), and Soularue (1899) pointed out that 
even the slightly higher position of the 

TABLE 5 

Correlation between the relative position of the umbilicus 
and the relative length of the lumbar portion of the 
spine (in percentage of the praesacral spine length') 
during growth and in different primates. Figures 
marked * calculated from data given by MoUison (igii) 
those marked^ after Keith (190T) 




RELATIVE 

RELATIVE 

PRIMATE 

AGE 

POSITION 

OP 

LENGTH OF 



UMBILICUS 

REGION 


Fetus i 

17.3 

11 

Orang-Utan 

Infant 

18.0 

13 




Adult 

11. 1* 

i 4 t 

Chimpanzee | 

Infant 

Adult 

11,3 

15.9* 

M 

i 7 t 

Gorilla 

Adult 

17.0* 

18.5 

i 9 t 

2-5 

[ 

Fetus 

Man ^ 

Infant 

i6.i 

^ 7 t 

1 

Adult 

18.1* 

32 -t 


Fetus 

11.4 

13 

Gibbon. ■ 

Infant 

2 - 3 -3 
30.0’^ 

18 


Adult 

i 32 -t 

Macaque 

Adult 

35.0* 

42 t 



umbilicus in women than in men is con- 
nected with a relatively longer lumbar 
spine in the former than in the latter. 
Among adult primates the anthropoid 
apes have the lowest placed umbilicus, 
man comes next in this respect, then the 
gibbons, while in the large majority of 
the monkeys and, particularly, the lemurs 
the umbilicus is situated much higher 
on the trunk (Mollison, 1911). The 
developmental changes in this bodily 


character are most likely due to the aboy] 
mentioned law of cephalocaudal growth 
and have no particular phylogenetic 
significance besides the fact that thei 
remarkable uniformity in all primatei 
(of which only a few examples can b< 
listed in table 5) speaks for their clos< 
relationship. 

Chest shap 

The transverse andjlm-s^ttal 
of the chest are of special interest in thei: 
relation to one another. The latter ii 
expressed in the chest index, which indi 
cates the general shape of a horizonta 
section through the thoracic region of th( 
trunk at the level of the sternal attach 
ment of the fourth ribs. With ad^ 
in growth the human chest becomes rel^ 
tively broader, i.e., the chest index in 
creases on account of a greater rate o. 
growth in the transverse than in th< 
sagittal diameter. The deep and narrov 
chest of the human embryo has beer 
described by Muller (1906) and by Rodej 
(1906). According to the latter authoi 
human embryos and young fetuses have 
chest indices of 55.1, 66.6, 77.9, and 105.2 
respectively at 4, 5I, 7, and 10 weeks 0 
age. These figures were obtained fron 
measurements taken at the level of th( 
lower end of the sternum, but Rode! 
states that the proportion between thest 
diameters differs but little from that be 
tween measurements higher up on th{ 
thorax. The writer found the ches 
index to change during growth from ar 
average of 104.6 at 9 weeks of fetal Hfi 
to 118.4 at ^2. weeks, to remain in gen 
eral the same from then to birth, and tc 
increase again during postnatal life to ai 
least 130. 5 in white men of about 15 years 

Immediately after birth, i.e., with th< 
beginning of breathing, the chest inde] 
undergoes according to Scammon an< 
Rucker (1911) a sudden drop, which i 
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a quadruped form in which the thorax 
was suspended beneath the spine. The 
human chest shape unquestionably resem- 
bles that of adult quadrupeds much more 
in fetal than in adult life, as is clearly 
shown by the examples in figure 6. How- 
ever, in very young dog fetuses the chest 
diameters are still the same in the trans- 
verse as in the sagittal direction, so that, 
in order to be consistent, one would have 
to make the absurd assumption that the 
ancestors of the dog had an upright 
posture. The chest shape in early em- 
bryonic life can not be regarded as the 
ontogenetic re-appearance of some phylo- 

TABLE 6 


Growth changes in the proportion: Transverse chest diameter in percentage of sagittal chest diameter. The indices for man 
a ‘ . approximate means, those for other primates are based upon single specimens or, where two numbers are given, they 
represent the range of variation of two or more specimens 



AGE 

PRIMATE 

Prenatal (month) 

j Postnatal 


3rd 

jth-5th 

6th-Sth 

gth-ioth 

Infant 

Juvenile 

Adult 

Man (Whites) 

IIO.O 

117 0 

II7.0 

118.5 



130 5 

Orang-utan 


III. 5 

IIO.O-lIl 0 

II5 .1 

II5.5-II3.4 

131. 1-135 4 

155.6 

Gibbon 

98.4-111.6 

II3 3-117.3 

106 O-I14.I 

II 5 3-113.0 

II7 8-115.7 

115. 5-117.8 

119.4 

Baboon 


95-9 

94.6-97.5 

87.6-91.7 1 

86.9-S9.4 

80.S-S5 .6 

84.4 

Macaque 


IOI.3 

93.0-96.0 

90-7 ' 

0 

0 

89 . 1-91 . I 

81.8-90.3 

Colobus monkey .... 


104.3 

96.8-106.6 

103.1 ! 


89.8 

90.4 

Capuchin monkey . . . 


96.4 

95-9 


92- 9 

90.0-91.9 

88.1- 93 3 

Howler monkey 

100. 0-109. 3 

106.3-108.1 

101. 5-101.9 

97.0-106.4 

95.4-101.3 

91. i-ioo.o' 

7S.1-100 0 


apparently not recovered until some weeks 
after birth. The indices given by these 
authors are, when figured in the way used 
in this paper, 116.1 at birth, 94.3 15 min- 
utes after birth, 98.0 11 hours after birth, 
and 99.5 at the loth day. 

As shown by table 6, the growth 
thanges in the chest index are principally 
the same as in man in the orang and 
jil^on (agdjgrobably also in chimpanzee 
and gorilla7i^^^>j^hich, however, no 
sufficient data are available as yet). On 
the other hand, in the great majority of 
the lower primates the chest shape changes 
with age in just the opposite way, i.e., it 


becomes steadily narrower. Thus it is 
found that as widely different indices of 
adult primates, as that of man (average 
130) and of the howler monkey (indi- 
vidually as low as 78), have ontogeneti- 
cally the same starting point, namely no 
in human fetuses of the 3rd month and 
as much as 109 in howler fetuses of similar 
development. 

Some authors (e.g., Wiedersheim, 1908) 
familiar only with the growth changes 
in the human chest, have advanced the 
theory that the narrow and deep chest of 
human embryo represents a recapitulation 
of an ancestral condition, particularly of 


genetic condition, but is directly deter- 
mined by causes of a purely topographic 
nature, especially by the growth of heart, 
lungs, and liver. After birth gravity is 
the most potent factor influencing the 
thorax shape. In quadrupeds the weight 
of the organs exerts a constant pressure 
on the sternum, thereby tending to in- 
crease the depth of the chest. In man the 
weight of the thoracic organs acts in a 
different direction, i.e., on the diaphragm. 
Finally, in the sloth, which habitually 
assumes an upright position or hangs even 
suspended by all four limbs, gravity 
affects the chest in just the opposite di- 
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rection as in quadrupeds, producing a 
chest index of 160, in contrast to one of 
about 71 in the adult dog. Table 7 
demonstrates that the chest index of the 
sloth increases ontogenetically, while 
that of the dog, as mentioned above, 


according to anthropological usage) of 
88.9, in another dog from the same litter 
this index had decreased in adult life 
to 74.5. In a third dog of this litter 
the index remained practically constant, 
amounting to 86.6 in the full-grown 





mu DO0 


HUMAN FeTUS,#W££KS 


ADULT HAN 


Fig. 6. Cross Sections of the Chest in an Adult Quadruped, a Human Fetus, and Adult Man, Showing 
THE Proportions between the Transverse and Sagittal Diameters 


TABLE 7 

Growth changes in the chest index of the sloth (Bradypis 
griseus'). The "length" of the specimens represents 
the length of the spine without the tail 


AGE 

length 

CHEST 

INDEX 

Fetus 

49 

IOZ .9 

Fetus 

77 

104 0 

Fetus 

90 

IOZ .8 

Fetus 

101 

103.8 

Fetus 

103 

104.4 

Fetus 

118 

106. 1 

Fetus 

130 

107. 1 

Fetus 

134 

no. 3 

Fetus 

^35 

IIO.O 

Fetus 

150 

I IX 0 

Fetus 

171 

no. 8 

Newborn 

172- 

nx.8 

Adult 9 

465 

155-4 

Adult cf 

480 

159.5 


decreases. By far the greatest increase 
occurs in the sloth during growth after 
birth, when gravity comes into play. 

The influence of gravity on the chest 
shape of the dog was shown experi- 
mentally by Jackson (1907). A newborn 
puppy had a thoracic index (when figured 


animal, and this on account of the fact 
that the dog had been forced to assume 
an upright position for iz hours daily 
during one year. The author of this 
experiment had expected an even more 
marked effect of gravity on the last men- 
tioned animal, but this seems hardly 
justifiable. 

Height of shoulder 

This discussion of the most important 
growth changes in the trunk would not 
be complete without some mention of the 
relative height of the shoulders. The 
latter is determined by the perpendicular 
distance between the level of the acromial 
point on the shoulder (see fig. i) and that 
of the suprasternal notch. The greater 
this distance the steeper is the direction 
of the clavicles,- on the other hand, the 
clavicles are horizontally posed in case 
the shoulders occupy one level with the 
suprasternal notch. From the figures in 
table 8 it is evident that the shoulders 
stand relatively higher in fetal than in 
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adult life of man. The most marked 
descent of the shoulder takes place in the 
white race, for which the author obtained 
an average index foj^s^ults 0^0.1. Ac- 
cording to Martin (1914) the ^cromion 
lies even 8 to 10 mm. below the upper 
edge of the sternum in adult Europeans,.^ 
It can be stated therefore that in adult 


the higher than in the lower races. One 
mighf argue further than the height of 
the shoulder of the arboreal primates is 
directly connected with the fact that 
their upper limbs support part or all of 
the body weight and thus tend to pull or 
push the shoulders upward. 

Table 8 shows that the orang, gibbon, 


TABLE 8 


from middle of line connecting acromial points to suprasternal notch in percentage of 
anterior trunk heighyimMg growth of whites and in adults of Semi (calculated from data given hy Martin, ipo/}, 

negroes, apes and monkeys 


MAN 

APES AND MONKEYS 

Age 

Race 

. . <. 

Average 

Age 

Primate 

Minimum 

Maximum 

3rd month 

White fetus 

4.0 

Adult 

Orang-Utan 

13 

.8 

4th month 

White fetus 

7.0 

Adult 

Gibbon 

IX . 0 

5 th month 

White fetus 

6.9 

Adult 

Baboon 

3-4 

5*9 

6th month 

White fetus 

6.6 

Adult 

Macaque 

3*9 

5.1 

7th month . . , 

White fetus 

5.7 

Adult 

Colobus monkey 

3*7 

4.6 

8th month 

White fetus 

4-7 

Adult 

Proboscis monkey 

7.9 

9th month 

White fetus 

4.8 

Adult 

Guenon monkey 

4.8 

9.0 

loth month 

White fetus 

3.6 

Adult 

Patas monkey 

3.8 

4.1 

Adult 

White male 

o.i i 

Adult 

Capuchin monkey 

4.6 

10. 0 

Adult 

Senoi male 

^.7 

Adult 

Spider monkey 

8.3 

13.6 

Adult 

Negro male 

3.0 , 

Adult 

Howler monkey 

X^.I 

14.x 


whites in a normal position of rest the 
clavicles are either horizontally posed or 
point even downward with their lateral 
ends. In fetuses the clavicles diverge up- 
ward, deviating from a horizontal posi- 
tion in individual cases for as large an 
angle as 3Z° (see fig. 7). The adult 
Senois, negroes, and, judging by photo- 
graphs alone, many other lower races 
remain in regard to the relative position 
of the shoulder closer to the fetal con- 
dition than whites. In adult apes and 
monkeys the shoulders are always situ- 
ated relatively high (see table 8) and 
undergo practically no change during 
growth. It seems safe to conclude from 
these notes that the descent of the shoul- 
ders in man represents a comparatively 
new evolutionary experiment among pri- 
mates, which has progressed farther in 


and spider monkey, which swing by their 
arms, have actually the relatively highest 



Fig. 7. White Fetus of the ioth Week Showing 
Steeply Ascending Clavicles (the Head Was 
Omitted Since, in Its Natural Position, It 
Would Have Partly Obscured the 
Clavicles) 
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shoulders, while the lowest ones are found adult life (see also Todd, 1311), the 
in the largely terrestrial baboons/ The shoulder, respectively the highest point 
high indices of the howler monkeys are of the scapula, sinks according to Wolf 
due to the fact that their suprasternal (19x5) ftom the level of the 4th cervical 
notch is situated abnormally low in conse- vertebra in a young fetus (18.5 mm. 



Fig. 8. Cgrvbs of Growth in White Fetuses and Adults for the Proportions: Total Length of Upper 
Limb in Percentage of Anterior Trunk Height (dotted line) and Total Length of Lower Limb 
in Percentage of Anterior Trunk Height (solid line) 


quence of the greatly enlarged hyoid 
capsule and of the forking in the manu- 
brium sterni. 

In relation to the spine the shoulders 
descend during human growth even more 
markedly than in relation to the upper 
edge of the sternum. While the latter 
moves only from the level of the seventh 
cervical vertebra in early fetal life to 
that of the second thoracic vertebra in 


sitting height) to that of the fourth 
thoracic vertebra in adults. 

V- LIMBS 

Total lengths of limbs in relation to 
trunk height 

The relation in length between the 
extremities and the trunk changes very 
markedly in the course of growth. As 
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shown by the curves in figure 8, at 9 
weeks of human fetal life both the upper 
and the lower limbs are still shorter than 
the trunk, but the latter increases at a 
slower rate than the former so that, at 
the end of the 5 th month, the extremities 
greatly exceed the trunk in length. From 
then to birth the limbs grow more slowly 
than the stem, causing the relative limb 
leng^s to decrease somewhat irregularly. 
During postnat'zd-.-growth the limbs show 

TABLE 9 


Averages in white and negro fetuses and adults for the 
proportion: Total length of upper extremity in 
percentage of total length of lower extremity 


1 

WHITES 

NEGROES 

w 

WHITES 

NEGROES 

9 weeks 
10 weeks 

131.7 

116.8 


16 weeks 

17 weeks 

104.8 

104,1 

109.1 

108. 1 

II weeks 

119.8 

113. 1 

18 weeks 

105.3 

107.4 

11 weeks 

116.6 

III. 3 

19 weeks 

' 106.8 

106.7 

13 weeks 

115.8 

118.3 

30 weeks 

IOI.4 

101.9 

14 weeks 

114.1 

114.7 

31 weeks 

104.5 

105.5 

15 weeks 

III. 8 

116.1 

31 weeks 

103.4 

107. 1 

16 weeks 

113.1 

113.9 

33 weeks 

104.5 

104.5 

17 weeks 

III. 6 

113.1 

34 weeks 

95*3 

104.5 

18 weeks 

no. 5 

iii.i 

35 weeks 

103.6 

106.5 

19 weeks 

108.7 

109. 1 

36 weeks 

103.3 

106.6 

10 weeks 

108.1 

109.7 

37 weeks 

101. 1 

104.6 

zi weeks 

107.4 

III. 7 

38 weeks 

104.9 

106.7 

11 weeks 

107.0 

107.6 

39 weeks 

105.9 

104.4 

13 weeks 

105.6 

108.0 

40 weeks 

104.9 

101.7 

14 weeks 

15 weeks 

103.8 

104.1 

106.4 

105.4 

Adults 

81.5 

83.4 


again a greater growth rate than does the 
trunk, since the curves ascend a second 
time. These findings for fetal growth 
agree in principle with the results ob- 
tained by Reicher (19x3), those for post- 
natal growth are in accord with the 
studies by Schwerz (1910), Weissenberg 
(1911), and others. 

Relation in length between u;pper and 
lower limb 

At the begiiming of fetal development 
the arm length is very much greater 


(about one third) than the length of the 
lowe? limb, but with advancing age the 
two curves in figure 8 approach one 
another more and more until, soon after 
birth, they cross, when the leg becomes 
longer than the arm. This direct relation 
between the lengths of the upper and 
lower limb is clearly expressed in the so- 
called intcrmembral index, which is listed 
in table 9. This index decreases from the 
3rd to the 6th month of fetal life, remains 
about constant from then to birth, to 
drop again in postnatal life. In general 
these growth changes bear out those ob- 
tained by Retzius (1904), Weissenberg 
(1911), and Reicher (19x3); the actual 
sixes of the indices are somewhat at 
variance, mostly on account of differ- 
ences in the method of measuring and 
calculating the proportion. The figures 
in table 9 permit the conclusion that 
negroes have somewhat longer upper 
limbs, in proportion to the lower ones, 
than whites and this not only at comple- 
tion of growth but already in fetal life. 
The only apparent exception to this — 
immediately before birth — can not be 
regarded as very significant, since those 
averages are based upon small series of 
specimens only. In regard to this partic- 
ular proportion the negro has gone not 
quite as far in a peculiarly human speciali- 
xation as the white. Relatively long 
arms and short legs, resulting in a high 
intermembral index, are decidedly simian 
characters, whereas the reversed relation 
is typical for man, the only primate in 
which the index drops considerably below 
100 in adult life. These facts are demon- 
strated by a comparison of tables 9 and 10. 
It is very noteworthy that this index 
undergoes a much more profound onto- 
genetic change in man (a decrease of 
about 50 units) than in any other primate; 
in the gibbon, e.g., it decreases for not 
more than zo units and in the howler 
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monkey about i6 units. The tremen- 
dous diiFerence in this proportion between 
various adult primates is not yet nearly 
as marked in fetal stages of development. 
For instance, in the adult gibbon the 
intermembral index amounts to as much 
as 1551.1, which is 77 units above the 
value for adult white man; on the other 
hand, in a gibbon fetus, corresponding to 
a human fetus of the 3rd month, the index 
is as low as 157.6, which surpasses the 
average for 3 months old white fetuses by 
only 34 units. 

The differences in the relative lengths 
of the limbs among adults of the higher 


Z30.8; H. agilis 231.3; H. concolor 280.0). 
In monkeys this relative upper limb 
length is, as a rule, markedly shorter than 
in man, except in such highly specialized 
forms as the spider monkeys (Auks geof- 
jroyi 176.1, 207.0, and ^44.5; A. -paniscus 
187.8; A. negUctus 235.5) some woolly 
monkeys (Lagothrix infumata 1 67. i). Dur- 
ing individual development these different 
specializations in man and anthropoid 
apes make their appearmee at quitemffer- 
ent periods . As shownin the frontispiece, 
the extreme arm length of apes is already 
well defined in early fetal life; on the other 
hand, the unequalled length of the lower 


TABLE 10 

Growth changes in apes and monkeys in the proportion: Total length of upper extremity in percentage of total length of lower 
extremity. The figures for gorilla and some of those for chimpanzee have been obtained from data in the literature. The 
fetuses in a perpendicular column correspond in their development approximately to human fetuses of the age stated at the 
top of the particular column 


PRIMATE 

1 AGE 

Prenatal (month) | 

Postnatal 

3rd 

4th-6th 

7th-ioth 

Infant 

Juvenile 

Adult 

Gorilla 


155.8 




146.7 

Chimpanzee 


147.7 

138.1 

147.7-137.9 

145-5 

149.3-136.3 

Orang-utan 


181.I 

I74.3-I71.7 

178.9-171.1 

175.1-170.1 

166.7 

Gibbon 

173.4-157.6 

157.8-155.8 

161.1-156.3 

155.6-150.3 

165.0-150.7 

159.1-153.5 

Baboon 


136.8-118.1 

118.1-117.4 

116.6 

114.7-110.4 

II3.6-II3.3 

Macaque 


131.8 

117.1-116.1 

116.4-114.4 

111.9-114.6 

119.1-107.8 

Capuchin monkey 


118.0 

130.5 

110.5 

114.7-108.1 

106.3-104.3 

Howler monkey 

149.1-146.0 

144.5-136.4 

138.1-137.3 

139. 5-133. 3 

130.7-114.8 

130.6-111.7 


primates are at once apparent in the 
diagrams of the frontispiece to this paper. 
Whereas in the apes the upper limbs 
are greatly lengthened, in man it is the 
lower limb which shows, indeed, a unique 
development. In relation to the trunk 
height the total length of the lower 
extremity is far greater in adult man than 
in any other adult primates. In regard 
to his relative upper limb length adult 
man occupies an intermediate and con- 
servative position. This latter propor- 
tion amounts on a rough average to 145 
in man, to 188 in gorilla (Mollison, 1911), 
and to 248 in the gibbon (Hylobates lar 


limb, characteristic of adult man, is not 
yet even indicated in intrauterine life, 
several of the ape fetuses surpassing the 
human fetus in this respect. Even at 
birth man has still proportionately short 
lower extremities, namely in percentage 
of the trunk height on an average in 
whites II 5. 7, as compared with 175.4 
in white adults. In this, man resembles 
very closely the growth changes in the 
jumping mouse, in which the posterior 
limbs have also become greatly length- 
ened. In newborn jumping mice, just as 
in the human baby, this extreme condition 
is not yet apparent (Tschulok, 1912) 
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It is not to be doubted that the ancestors 
of these specialized rodents once possessed 
shorter posterior limbs, and that, there- 
fore, their ontogeny repeats their phylog- 
eny in this respect. To be consistent, 
one now has to conclude that the corre- 
sponding late growth change in man also 
points to relatively shorter legs in human 
ancestors. One is tempted to argue fur- 
ther- from the ontogenetically much later 
appearance of the, pnique human leg 
length than of the characteristic arm 
length of the apes, that the latter speciali- 
zation was phylogenetically much earlier 
acquired than the peculiarity of man. 
However, this last assumption is offered 
merely as a suggestion, which needs sup- 
port from additional investigations. 

Relations in length between the poximal and 
middle segments of the limbs 

The proportions between the length of 
the proximal and middle segments of the 
limbs undergo some changes during 
growth, which are shown in a condensed 
form by table ii. Both, the upper arm- 
forearm index and the thigh-leg index 
increase with advancing age, particularly 
up to the 5 th fetal month and again in 
postnatal life. These findings, which are 
based upon a material of 62.3 fetuses, are 
not in agreement with the results of some 
other authors. Based upon a study of 
2.1 specimens Hamy (1871) claims that the 
upper arm-forearm index of fetuses is 
higher than that of adults. The same 
conclusion was reached by Mendes Correa 
(1319), who had measured only 10 speci- 
mens and used the data by Serrano (1895) 
on 6 additional ones. According to the 
former author the thigh-leg index also 
decreases with advancing age. Nishizuka 
(1915) found no uniform growth change 
in these proportions in Japanese; the fol- 
lowing averages show this clearly: hu- 
mero-radial index in fetuses of the 4th 


month (10 specimens) 73.6, in newborns 
(10 specimens) 74.1, in children (5 indi- 
viduals) 69.1, and in adults (lo indi- 
viduals) 71.5; femoro-tibial index at the 
same growth stages 74.7, 76.3, 76.4, and 
75.9 respectively. Reicher’s (1915) in- 
vestigations on over 500 white fetuses 
revealed the following growth changes: 
The upper arm-forearm index rises from 
76 at 9 weeks of fetal life to 79 at 10 weeks, 
during the 4th month it drops to 78, 
but rises again to 8x in the 5th month, 
fluctuating from then to birth between 

TABLE II 


Dfpfr arm— forearm and thigh — kg po-portion in white and 
negro fetuses and adults 


AGE 

% 

\ 

w 

ed 

0 

< 

ad 

< 

pd 

I 

c 

c 

> 

0 

THIGH 

Whites 

Negroes 

Whites 

Negroes 

3 months, 1 st half 

71.9 


66.7 


3 months, ind half 

73.6 

73*6 

69. z 

69.3 

4 months 

74.6 

75.8 

75-5 

75-7 

5 months 

77^7 

78.9 

79-9 

80.8 

6 months 

77.9 

79*4 

81.3 

81.9 

7 months 

78.0 

79*5 

80.9 

8z,6 

8 months 

78.0 

81.Z 

79-0 

81.3 

9 months 

79.1 

81.9 

79.0 

Sz.z 

10 months 

79. z 

80.5 

79.0 

80.5 

Adult males 

83-6 

91.4 

84.1 

84.9 


the averages of 80 and 81.5. The thigh- 
leg index increases from 78.5 in the 9th 
week to 85.5 in the 5th month, after- 
wards the averages decrease again to 84.5 
in the 7th to 9th months, and to 81.5 in 
newborns. Even in regard to the post- 
natal changes in these indices no agree- 
ment has been reached as yet. For in- 
stance, Godin (1910), like the writer, 
finds the upper arm-forearm index to 
increase with age, namely, from 77 at 
13 years to 83 at 17 years. Schwerz 
(1910), in contrast to this, obtains a 
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decrease from 81.6 at 7 years to 78.1 at jnan in this respect (hmnero-radial index 
20 years. The discrepancies in these re- in 2 gorilla skeletons, Hopkins collection: 
suits can not be entirely due to differences ad. & 78.9, ad. 9 78.2). In a large 
in the material under investigation but variety o£ other primates the forearm 
are, undoubtedly, to be accounted for to exceeds the upper arm in length, for 
a very considerable extent by differences instance, in a few individual chimpanzees 
in the technique employed. The particu- and orangs (Sonntag, 1924), in all gib- 
lar findings of the writer in regard to bons, and in most baboons and spider 
the growth changes in whites agree in monkeys. Inasmuch as the forearm is 
principle very well with those obtained proportionately shorter in fetuses than in 
for negroes and are further supported by adults, and particularly since an extreme 
the analogous changes in other primates, length of the forearm, surpassing that of 
as shown by the examples in table 12 the upper arm, is found only in late onto- 

TABLE IX 

Growth changes in the u}per arm-forearm and thigh-leg proportions of the gihhon and of the spider monhy. The specimens 
are listed according to increase in body size 


GIBBON (HYIOBATES BILEATUS) SPIDER MONKEY (AXELES GEOEPROYl) 


Age 

Sitting height 

Forcann i 
upper arm 

Leg I thigh 

Age 

Sitting height 

Forearm j 
upper arm 

Leg I thigh 

Fetus 

mm. 

83 

87.1 

79.1 

Fetus 

' mm, 

178 

87.0 

93*9 

Fetus 

101 

91.5 

79,8 

Fetus 

187 

89.3 

93.0 

Fetus 

158 

58.5 

80.8 

Newborn 

191 

87.7 

90.6 

Fetus 

169 

99.1 

85.5 

Newborn 

195 

88.8 

90.0 

Newborn 

198 

101,1 

86.5 

Infant 

101 

90.6 

91.7 

Juvenile 


101.1 

90.1 

Infant 

104 

90.4 

91.4 

Juvenile 


105 .1 

89.4 

Infant 

131 

91.3 

94*3 

Adult 


Ill.l 

89.1 

Juvenile 


96.1 

91. 1 

Adult 


109.7 

88.7 

Juvenile 


100.0 

95-0 

Adult 


108.3 

88.7 

Juvenile 


100.5 

89.9 

Adult 


IIl.I 

85.3 

Adult 


99.0 

91-3 

Adult 


II4.3 

89.6 

Adult 


101.1 

91.5 

Adult 


Ill.l 

91.0 

Adult 


100.9 

91.7 


and by those contained in a former paper genetic stages (see table 12), it seems 
by the author (1924 b, table 4). In a justifiable to assume that man and gorilla 
pregnant rhesus monkey, received re- are conservative and primal in this pro- 
cently, the upper arm-forearm index portion, whereas such forms as the gibbon 
amounted to 96.5, whereas in the fetus have a highly specialized forearm, 
(sitting height 163 mm.) of this speci- In regard to the thigh-leg proportion, 
men to only 90.5. adult man is very similar to gorilla and 

Among adult primates man possesses chimpanzee, but has considerably lower 
one of the relatively shortest forearms, values than the large majority of the 
Some of the primitive marmosets equal lower monkeys. In some of the latter, 
the human upper arm-forearm index (Q//i- as for instance in the spider monkey 
tkrix jacchus 82.6 and 84.8, C. pnicillata (table 12), this index does not increase 
84.8, Leontocehus geojfroyi 80.5 and 84.4). with advancing growth. 

Of the higher primates gorilla alone rivals It is of special interest to note that the 
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averages of both the indices, listed in primates have led him to disagree with 
table II, are larger in negroes than in the assumption of Mollison (1911) that 
whites, and this in fetal as well as in adult the humero-radial and femoro-tibial in- 
life. This might be interpreted on the dices of man have decreased in the course 
basis of the above discussion as indicating of evolution^ he is inclined rather to the 



FETUS, 9TH week NEWBORN ADULT 



Fig. 9. Diagrams Illustrating the Growth Changes in the Human ([White) Hand and Foot 


that these particular limb proportions belief that these proportions have, if at 
have phylogenetically been even less all, become but little altered. The only 
modified in the white than in the negro, direct evidence, available so far, would 
In the latter race they tended slightly in certainly support the author s view, 
the direction which is typical of monkeys, since these indices are rather low in 
The writer’s studies on the ontogeny of Neanderthal man ([skeleton of La Ferrasie: 
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humero-radial index 73.8, femoro-dbial 
index 76.6, Boule, 1911-13). 

The racial difference in the thigh-leg 
index, derived from living adults, happens 
to be rather small. This difference was 
much larger in the closely corresponding 
femoro-tibial index, which was obtained 
by the author on 2.70 extremities from 
dissecting rooms. The indices of this 
material averaged 84.06 in white males, 
85.71 in negro males, 83.88 in white fe- 
males, and 86.10 in negro females. 

VI. HAND AND FOOT 

The most distal segments of the ex- 
tremities — the hand and the foot — have 


of the hand and of the foot in monkeys 
equals that of man at early stages of 
development, i.e., about the time of the 
separation of the digits, is demonstrated 
by the illustrations of Keibel (1906). 
The initially very high hand index be- 
comes reduced very rapidly in the large 
majority of the monkeys and apes. In 
man this decrease proceeds more slowly 
and is less marked. Of all adult primates 
man and gorilla have the relatively broad- 
est hands and thus retain the fetal con- 
dition much more closely than other 
forms do. In regard to the foot index 
the growth changes and the value in the 
adult of man fall well within the range 


TABLE 13 

Growth changes in primates in the proportion: Hand breadth in percentage of total hand length. The indices for man are 
approximate means, those for other primates are based upon single specimens or, where two numbers are 
given, they represent the range of variation of two or more specimens 




Pfenacal (month) 


Postnatal 


3rd 

4th-5th 

6th-8th 

5th-ioth 

Infant 

Juvenile 

Adult 

Man (Whites). . . 

57.8 

53.0 

53.0 

51.7 



45.0 

Orang-utan 


34.0 

37.0-37.4 


31.5-36.8 

19.1-38.1 

11. 0-18.1 

Gibbon 

34'5 

19.6-37.4 

19.1-31.0 

19. 0-31. X 

13.5-31.5 

24.I--16.5 

11.7-15.0 

Baboon 


47.0 

41.4-45.0 

43.8 

36.0-40.8 

38.5-41.5 

41.0 

Macaque 


40.8 

00 

36.5-38.5 

33.7 

35.0-35.9 

31.0-33.3 

Colobus monkey. 


41.4 

38.0-38.7 

35-3 


31-5 

19.1 

Capuchin monkey 


41.1 

43-5 

44.8 


00 

34 -^ 38-5 

Howler monkey. . 

4z.1-4i.9l 

39. 9-45. 1 

39.5-40.5 

38.0-39.1 

36.5-37.8 

31.7-36.1 

31.0-33.9 


undergone very marked and widely differ- 
ing evolutionary changes in primates with 
different sp ecializations . The ontogenetic 
changes in these parts are of particular 
interest since they are apt to throw light 
at least on the important problem of the 
primitive ancestral conditions in the 
original primate hand and foot. 

Relative width of hand and foot 

The hand as well as the foot becomes 
relatively narrower with advancing 
growth, as shown by figures 9 and 13 
and by table 13 . That the relative width 


of variation of these conditions in other 
primates. Both, the hand and the foot, 
are relatively longer and narrower in 
negroes than in whites, racial differences 
which can be recognized even in the 
averages of large series of fetuses. 

Fingers 

The middle finger is the longest of all 
fingers in all the primates and at any 
stage of growth, with the single exception 
of some prosimiae, in which the fourth 
finger may be the longest (at least in 
adults). In all primates the fourth finger 
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extends farther than the second finger, 
but this rule has also its exception, though 
this time it is found in man. According 
to table 14, white fetuses of the third 
month have in 1 percent of the cases the 
index finger surpassing the ring finger 
in length. This frequency increases rap- 
idly, to reach z} percent in adult whites. 
In negroes this particular relation is found 
in only 3 percent of adults and never in 
fetuses. The white race has therefore 
progressed farther than the negro in 
regard to this condition which, undoubt- 

TABLE 14 

Percentage frequencies of the relation in length between the 
second and fourth finger in white and negro 
fetuses and adults, (^"smaller 
thm\ > "“'larger than"') 

RACE |ll < iviii = iv|n > IV 


3rd month 

4th“5th month . . . 
6th~8th month . . . 


9th-ioth month . . 

Adults 


Whites 

33 


1 

Negroes 

57 

43 

0 

Whites 


67 

18 

Negroes 

49 

51 

0 

Whites 

17 

69 

14 

Negroes 

51 

49 

0 

Whites 


54 

14 

Negroes 

59 

41 

0 

Whites 

18 

59 

2-3 

Negroes 

55 

42. 

3 


edly, represents a human peculiarity of 
relatively recent origin, and certainly one 
which at best is still very rare in early 
ontogenetic stages. 

The relation between these two fingers 
in adults has been studied a good deal, 
most authors agreeing that a longer index 
finger is more frequent in women than in 
men, much more frequent in whites than 
in negroes, and among the former most 
frequent in jews (Ecker, 1875; Mante- 
gazza, 1877^ Griining, 1885; Weissenberg, 
1895; Fer6, 1900; Daffner, 1901). Among 
adult male Indians the author 


found a longer index finger in only 3 
perceilt of the cases, i.e., in the same 
frequency as in adult male negroes. 


The thumb, when measured from the 
styloid process of the radius to the tip 
of the digit, becomes shorter in relation 
to the total hand length with advancing 
growth, and this in ail primates- In 
man this ontogenetic decrease (see table 
15 and fig. 9) is less marked than in apes 
or monkeys, indeed, in man (and in the 
baboon) there seems to prevail a tendency 
for a slight secondary increase in the 

TABLE 15 

Averages for white and negro fetuses and adults of the 
proportion: Length of thumb in percentage of 
total hand length 


AGE 

WEITES 

NEGROES 

3rd month, 1st half 

74.0 


3rd month, xnd half 

74-7 

71.6 

4th month 

71.9 

69.9 

5 th month 

71. 1 

69.9 

6th month 

70.4 

67.1 

7th month 

68.7 

66.7 

8th month 

67.9 

66.5 

9th month 

68.0 

65.9 

loth month 

67.7 

65.8 

Adult males 

69.x 

66.8 


relative thximb length during postnatal 
growth. The adult human thumb is the 
longest and least changed of all primate 
thumbs; those of gorilla, baboon, and 
capuchin monkey come nearest to the 
human thumb in relative length, while 
among all the other primates the thumb 
is either short or has even become nearly 
or entirely eliminated. Examples for the 
latter tendency are shown in figure 10. 
In many species of the African Colobus 
monkeys a free thumb has disappeared 
completely in adults; in fetuses, however, 
this digit is still fairly well developed 
(fig. 10, No. i). Sir Harry Johnston 
(1904), speaking of the species Colobus 
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tephrosceks, mentions that there is only 
“the minutest trace of a thumb nail in 
the place where the thumb is missing 
.... but the young Colobuses of 
this species have a complete thumb only 
a little smaller than this finger would be 
in the Cercopitheci. As the animal grows 
to maturity, so its thumb dwindles, until 
in a very old male there may be absolutely 
no trace left of the missing finger.” In 
all the Guenon monkeys the thumb is 
very small and can be of but little use. 
In one specimen, recently obtained by the 
author, the free thumb was entirely miss- 
ing on one hand (fig. lo, No. 5); that 
this was not due to any injury is proved 
by the fact that there is absolutely no 
trace of any scar formation. This hand 
represents a progressive variation, fore- 
shadowing the future fate of the Guenon 
hand, just as the atavistic re-appearance 
of a free thumb on the hand of an occa- 
sional spider monkey (fig. 10, No. 6) is 
the individual reversion to an ancestral 
condition. Among 5 8 spider monkeys the 
author found two in which the thumb 
was still present on one hand only. 

From these notes it can be concluded 
that among the arboreal primates there 
exists a wide-spread tendency toward the 
elimination of the first finger — a speciali- 
zation which reaches its extreme only at 
completion of growth and which varies 

Fig. 10. Examples Showing the Tendency among 
Primates to Reduce the Thumb 

Nos. I, X, and 3 hands of Colobus monkey (Colobus 
ahyssinicus iturkus), rudimentary thumb at x; No. i 
fetus (iix mm. sitting height), No. x older fetus (134 
mm. sitting height), No. 3 adult female (metacarpus 
and one phalanx of thumb still present but propor- 
tionately very small and not visible on outer hand). 
Nos. 4 and 5 left and right hand of adult male Guenon 
monkey (Lasiopga pygeryfhra), left thumb of typical 
size for these particular monkeys, right thumb con- 
genitally missing on the outer hand (metacarpus I 
present but small). Nos, 6 and 7 left and right hand 
of infantile female Spider monkey QAfeles geojfroyOl}^^ 
complete lack of an outer thumb is normal for Spider 
monlccys, but on the left hand of this spcimen the 
thumb is still present, containing a well developed 
metacarpus and two fused phalanges. 


FETAL GROWTH OF MAN AND OTHER PRIMATES 


495 


individually to a considerable extent. 
This evolutionary trend has not affected 
man, whose thumb has changed but little 
from the relative length, typical of all 
young primate fetuses. 

The racial difference in this proportion, 
according to which the negroes have at 
all ages a considerably shorter thumb 
than whites (table 15), marks the former 
as slightly more “simian” in this respect, 
and, as it happens, the white as even more 
original or “primitive.” 

In early fetal life the free thumb 
branches from the palm immediately at 
the base of the index finger. In the course 
of growth this place of branching shifts 
proximally to a place nearer the wrist 
(see fig. 9). This ontogenetic migration 



original primate hand. It is significant, 
but not surprising, therefore, to find that 
this condition is still lacking in the human 
embryo. Not only does the embryonic 
thumb branch at a place unfavorable for 
effective opposability but it is not yet 
rotated around its longitudinal axis to 
face the other digits, as is clearly shown 
by the diagrams in figure ii. 

Toes 

Among primates the middle toe reaches, 
as a rule, farther than any of the other 
toes. Exceptions to this are found among 
the lemurs and marmosets, in which the 
fourth toe often equals the third in length, 
or, in rarer cases, may even surpass it 
(e.g., in one out of 8 marmosets of the 



8-WEEK FETUS ADULT 

Fig. II. Fetal and Adult Hand oj Man, Seen erom in Front, Showing the Rotation oe the Thumb 
The straight lines run parallel to the transverse axes of the jSnger nails 


is most pronounced in orang-utan and gib- 
bon, somewhat less in other anthropoids 
and man, as well as in most Old World 
monkeys, while in the large majority of 
the American monkeys no such shifting 
takes place at all, the thumb persisting 
in its typically fetal position throughout 
life. This movement of the thumb, away 
from the other fingers, in the catarrhine 
hand has greatly facilitated the oppos- 
ability of the thumb. In platyrrhines 
this digit is either not opposable at all, 
as in the marmosets, or, as in the Cshidae, 
only to a much lesser degree than in the 
African and Asiatic primates. The dgpos- 
ability of the thumb, which was and is 
of greatest importance for the evolution 
of man, was not yet a feature of the 


author’s collection). The only other ex- 
ception is man, in whom the second or 
even the first toe has become the longest. 
It is very interesting that early in ontog- 
eny man still shows occasionally the 
typical digital formula of his simian rela- 
tives, since in 4 to 5 percent of human 
fetuses from the beginning of the 3rd 
month the middle toe is the longest 
(fig. ix). In very rare instances this, for 
man undoubtedly primitive, condition 
may even persist to adult life; Wood 
Jones (1910) mentions two such cases 
and Hawkes (1914) found it in 19 persons. 
Table 16 demonstrates the gradual changes 
during human growth in the relations in 
length between the toes. In the begin- 
ning of fetal life the great toe is never 



THE QUAMERLY REVIEW OF BIOLOGY 


longer than the second toe, but the re- 
versed relation occurs in 98 percent of 
whites. On the other hand, in adult 
whites the second toe is the longest in 
onlp 12. percent of the cases, while the 
great roe has surpassed the others in 
51 percent. The latter condition is, 
phylogeneticaliy speaking, a relatively 
new and exclusive acquisition of man. 
In the white race it is found with much 
greater frequency than in the negro, who 
has remained in this point somewhat less 
specialized than the average white, and 
who certainly tends to retain the fetal 
condition more closely. 



Fig. II. Front View of a Human Fetus (15 mm. 
Sitting Height) with Middle Toe Longer 
THAN THE OtHER ToES 
Note also the short and abduced great toes 

There exists a considerable literature on 
the relative length of the first two toes 
of adult man, a large part of it centering 
on a sex difference in this feature. How 
uncertain, however, such a sex difference 
must be, is evident from the conflicting 
results. For instance, Harrison (1884), 
Daffner (1902.), and Hawkes (1914) find 
a longer second toe more frequently in 
women than in men, Griining (1885) 
maintains just the opposite, while Weis- 
senberg (1895) claims that there is no 
difference in the two sexes. According 


to Maurel (1888) the second toe surpasses 
the first in length more frequently in 
Mongolian races than in whites or negroes. 

In man the distance from the heel to 
the tip of the great toe increases with 
advance in growth faster than the foot 
length, measured to the tip of the middle 
toe. This relation is just the opposite 
in monkeys and apes, i.e., the great toe 
becomes relatively shorter. This is il- 
lustrated by figure 10 and, especially, by 
figure 13. The latter figure also shows 

TABLE 16 


Percentage frepiencies of the different relations in length 
between the the first three toes in white and 
negro fetuses and adults 



that the phalangeal portions of the 
lateral toes (II to V) are, in regard to 
their relative lengths, little different in 
the fetuses of man and monkey. But, 
while these digits have become relatively 
shorter in adult man, they have increased 
their proportionate length tremendously 
in the adult monkey. This leads to the 
conclusion that even such widely different 
types of feet as those of man, with their 
extremely short lateral toes, and those of 
the howler monkey, in which these toes 
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are excessively developed, can ontoge- 
netically be traced to very similar forms, 
from which the different specializations 
cause them to grow in opposite ways, 
whereby the monkey foot changes more 
profoundly than the human foot. 

Gorilla may be an exception to the rule 
stated above that the great toe becomes 
relatively shorter in monkeys and apes, 
but the different species of this ape vary 
considerably in this respect. The fol- 
lowing values for the relative length of 


Akeiey, donated by Amer. Museum of 
Natural History) 91.6; adult (Hartmann, 
1880) 85.1. 

For chimpanzee the following figures 
are available: newborn (preserved speci- 
men, lent by Dr. Huntington) 86.3 ; infant 
(preserved specimen, lent by U. S. Na- 
tional Museum) 85.1; adult (Beddard, 
1893) 74.a; several other adults (from 
various photographs) 78-85; adult male 
(cast by C. H. Ward) 89.5. 

In orang-utan the index was found to 



ADULT FETUS (30MM. S.H.) FETUS (36MM. S.H) ADULT 

Fig. 13. Diagrams op the Growth Changes in the Foot op Man and op a Monkey (Mouatta senkulus 

macconnellt) 

The four feet are reduced to the same distance from the heel to the second metatarso-phalangeal joint. 


the great toe in gorilla were chiefly ob- 
tained from measurements on plaster casts 
and on illustrations and are therefore 
only approximate: fetus (Duckworth, 
1904) 8a. I ; older fetus (Deniker, 1885) 
87.1; 3 year old female (cast of foot of 
“Dinah,” lent by Dr. McGregor) 74.3; 
3I year old male (“John Daniel II,” 
measured alive by the author) 83.8; 5 
year old male (cast of foot of “John 
Daniel I,” donated by Dr. McGregor) 
81. z; adult female (cast of foot by Mr. 


average 6Z.5 in 3 fetuses of an advanced 
state of development, 59.4 in 5 infantile 
(preserved) specimens, and 5Z.1 in z 
adults (casts). 

In man this index (foot length to 3rd 
toe!) amounts to about 95 in fetuses of 
the 3rd month and in adults it varies 
between 98.5 and 108.5. 

In all primate embryos the great toe, 
just after its appearance on the foot plate, 
is found to branch from the sole very 
close to the base of the second toe. In 



498 


THE quarterly REVIEW OF BIOLOGY 


all monkeys and apes this place of branch- 
ing shifts proximally in the course of 
growth, toward a place nearer the ankle, 
just as the thumb moves ontogenetically 
away from the base of the index finger. 
However, both these rules have their 
exceptions: For the thumb it exists, as 
discussed above, inmost of the platyrrhine 
monkeys, which retain the fetal condition 
to adult life; in regard to the great toe 
it is man, who behaves in an exceptional 
way, since his great toe does not shift its 
place of attachment but remains in its 
typically fetal position at all stages of 
growth. Among adult monkeys the great 


with the intermediate medial edge of 
the sole form diagrammatically a U, 
rather than a V, as in man. The degree 
of opposability of the hallux is much 
more perfect in orang and chimpanzee 
than in the adult East-African gorilla 
and, of course, than in man. There is 
some embryological evidence which can 
be claimed as support for the assumption 
that the human pedigree contains forms 
with an at least partly opposable great 
toe. The relatively short length and 
markedly abduced position of the hallux 
in early human fetuses (see figs. 9, ii and 
13) may be quoted here and then particu- 




ORANG-UTAN CHIMPANZEE 


GORILLA (GORILLA) 


GORILLA(BERINGEl) 


MAN 


Fig. 14. Feet ot Adult or Nearly Adult Anthropoid Apes and Man (Orang after a Specimen in the 
Author’s Collection; Chimpanzee after Schlaginhaufen, 1911; First Gorilla after Hartmann, 1880; 
Second Gorilla after Akeley, 15x3) 




toe branches from the sole at a varying 
but always considerable distance from 
the base of the second toe (see e.g., 
Pocock, 1916). Among adult anthropoid 
apes this feature differs least from the 
human condition in the mountain gorilla, 
and most in orang-utan, with a greater 
discrepancy between the latter two than 
between gorilla and man (see figure 14). 
There can be no question that the oppos- 
ability of the great toe is greatly facili- 
tated by its branching at a place which 
is removed from the second toe, so that, 
in the act of grasping, these toes together 


larly the investigations of Straus 
who found a somewhat greater rotation 
in the sense of opposability in the first 
metatarsal of early human fetuses than in 
that of adult man. 

Heel 

To this discussion on the foot must be 
added a few remarks concerning the heel. 
In all monkeys the profile of the heel 
forms a practically straight line running’ 
smoothly from the calf to where it bends 
over to the sole. Among the anthropoid 
apes, especially in gorilla, one encounters 



FETAL GWWTH OF MAN AND CfTHEK PRIMATES 


499 


for the first time indications of a promi- 
nent heel, i.e., a heel which projects 
beyond the profile of the ankle region. 
In human races the degree of prominence 
of the heel is much more developed in the 
negro than in the white; indeed, this 
forms a most striking racial difference 
even in fetuses. Negro fetuses from the 
5 th or 6th month to term can, as a rule, 
be readily identified by their characteristic 
heel. By dissecting a considerable num- 
ber of white and negro heels in fetuses 
and in adults the author found the pro- 
jecting heel to be caused entirely by a 
thick layer of subcutaneous fat and not 
to be due to any greater length of the 


Fig. 15. Partial Dissection of the Heel in an 
Adult White and in an Adult Negro, 
Showing the Much Thicker Layer 
OF Subcutaneous Tissue in the Lat- 
ter THAN IN THE FoRMER 

corpus calcanei in negroes than in whites 
(sec fig. 15*). The subcutaneous tissue 
in the heel region of monkeys is pro- 
portionately much less developed than in 
white man and does not extend far up on 
the tuber calcanei. Why the negro heel 
should be padded even to some distance 
above the tuber calcanei is difficult to 
understand. Underneath the heel this 
subcutaneous padding serves as a sort of 
shock absorber in walking. 

VII. ANALOGIES IN THE GROWTH OE UPPER 
AND LOWER LIMB 

Mollison (1311), in an excellent mono- 
graph on the body proportions of pri- 


mates, has demonstrated that there exists 
a certain correlation between the size of 
corresponding parts of fore- and hind- 
limb in monkeys and apes, a condition 
which he called the homotypy of pro- 
portions. One instance suffices to illus- 
trate this correlation; Primates with un- 
usually long hands, such as orang-utan, 
also possess very long feet. P. and F. 
Sarasin (1891-93) had called attention to 
the fact that human races with a rela- 
tively long forearm have also a propor- 
tionately long leg and vice versa. To 
these zoological and anthropological re- 
sults can now be added those of an em- 
bryological nature and it will be found 


TABLE 17 

Growth changes in whites in the leg-foot and forearm-hand 
proportion 
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Fetuses, 9th week. . 

139.1 

I18 

•4 

Fetuses, loth. week 

107.0 

91.0 

Fetuses, 15th week 

79.1 

71-5 

Newborns 

97-5 

94 

.8 

Adult males 

68.7 

1 74*9 


that they ail agree in pointing to rather 
close analogies, or a certain parallelism, 
in the phylogeny as well as the ontogeny 
of the upper and lower extremities. 

The age changes in the relative lengths 
of the limbs, as illustrated by the curves 
in figure 8, show probably clearer than 
anything else the close correlation be- 
tween upper and lower limb during 
growth. From table ii it is evident that 
both the upper arm-forearm proportion 
and that between thigh and leg is altered 
between fetal and adult life in a very 
similar way and that both these corre- 
sponding indices are always larger in 
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negroes than in whites. A comparison 
between the leg-foot proportion (given 
in figure 3) with the relation in length 
between the corresponding parts of the 
upper limb, the forearm and hand (con- 
tained in figure 4) reveals the fact that 
the very striking growth changes in these 
proportions agree in principle very closely, 
since in both indices there occurs first a 
marked and rapid decrease, changing after 
the 15 th week of fetal life into an increase, 
and after birth changing back again to a 
second decrease (see table 17). Finally, 


other proportion on the body. This 
holds true in regard to fetuses as well as 
in regard to adults (see table zy). 

VIII. HEAD 

Relative size of hrain -part of head 

It is a general and well established rule 
for vertebrates that in related animals the 
relative brain size decreases as the body 
size increases. This is sometimes referred 
to as Haller’s law. Of the many authors, 
who have collected data in support of 


TABLE 18 

Growth changes in the relative head si^e (average head diameter in percentage of anterior trunk height) of primates. The 
indices for man are approximate means ^ those for apes and monkeys are based upon single specimens or^ where two numbers 
are given.^ they represent the range of variation of two or more specimens. The indices for the chimpanzees were obtained 
from data by Triedenthal (1914)^ except those for the nearly newborn and the infantile specimen 


Prenatal (month) j 

Postnatal 

3rd 

4th-5th 


9th-ioth 

Infant 

Juvenile 

Adult 

Man (Whites) .. . 85.0 

78,0 

69.0 

59.0 



31.0 

Chimpanzee 

59.8 

60.4 

49-5 

39.0 

34.6 

18.5 

Orang-utan 

65.0 

63.8-64.9 

60.7 

56.9-60.1 

49.0 

31.8 

Gibbon 61.4-67.6 

61.4-64.5 

63.4-64.5 

60.8-60.9 

51.5-59.6 

48.8 

30.1-33.3 

Baboon 

55.0 

57.5-51.3 

56.3-57.0 

55-7 

38.3-39.8 

30.6-34.5 

Macaque 

57.5 

54.8-54.8 

51.9 

34.1-40.1 

16.8-17.0 

13.5-17.5 

Proboscis monkey 


48.9-50.3 

44.0 ^ 


1 

18.5 

Colobus monkey. 

49-7 

49.6-51.4 

47.3 



10. 1 

Capuchin monkey 

63.1 

70.9 


50.6 

38.7-44.4 

30.9 

Howler monkey . . ^7 • 7”73 • 3 

59.6-61.6 

54-H7-5 

49.1-54.3 

46.1-49.0 

30.2^-37.7 

16.6-17.1 

Spider monkey. . . 



51.3-56.0 

47.3-51.9 

38.5-43.8 

14.4-31.7 


both the hand and the foot become rela- 
tively much narrower with advance in 
growth (see fig. 9) and both these parts 
are slightly narrower in negroes than in 
whites. 

It is most likely directly due to this 
close analogy in the growth of the upper 
and lower limb that the proportion be- 
tween these limbs (intermembral index) 
is very much more constant than the 
proportion between either of the two 
limb lengths and the trunk height. As a 
matter of fact, the intermembral index 
varies individually less than almost any 


this rule, only a few may be mentioned 
here, namely Weber (1896), Dubois (1897, 
1914), Brandt (1898), HrdHcka (1905, 
19Z5 b), Lapicque (1909), and Funk (1911). 
A clear example for illustrating this rela- 
tion between relative brain size and body 
size is found in a comparison between 
house cat and lion: Of the 3,300 grams 
body weight in the former the brain 
forms 0.94 per cent, while of the 119,500 
grams body weight of the latter the brain 
constitutes only 0.18 per cent. Among 
primates it is also found that by and large 
the smaller the species the proportion- 
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ateiy larger is the brain. The following 
figures (brain weight in percentage of 
body weight, calculated from data of 
Dubois, 1914) suffice to demonstrate this: 
orang-utan (73,500 grams) 0.54, gibbon 
(^,500 grams) 1.37, marmoset (335 grams) 
3.8 z. The relative brain weight of adult 
man (white males z.i8) is surpassed by 
that of many small monkeys but is much 
Hbigher than that of any of the large apes. 

The influence of body size on the rela- 
tive size of the brain is also noticed in 


part^of the head decreases in all verte- 
brates as the individual grows to larger 
size. For instance, the arithmetic mean 
of head length, breadth, and height (head 
module), expressed in percentage of the 
trunk height, amounts on an average to 
95.5 in human fetuses of the 9th week, but 
in adult man this proportion has decreased 
to 31. 1. According to table 18, other 
primates show very similar changes. It 
is interesting to note that the decrease in 
this index may proceed during correspond- 



Fig. 16. Body Proportions in Newborn Macaque, Man, and Orang-Utan; All Reduced to the Same 

Anterior Trunk Height 

Note the different sizes of the brain part of the head 


the different human races, since pygmies 
have in general proportionately larger 
heads than the tall races. Indeed, it can 
even be demonstrated within a race, as 
was done for whites, e.g., by Hrdlicka 
(1915 a) and for American Indians by 
the author (1916 a). 

These introductory notes form a neces- 
sary background for the discussion of the 
growth changes in the relative head size, 
since it appears that the above rule may 
also be applied to the conditions of devel- 
opment. The relative size of the brain 


ing periods of development with different 
intensity in different primates. For in- 
stance, in the orang-utan and in the 
gibbon the prenatal decrease is very much 
smaller than in man, so that at birth 
these apes have a proportionately larger 
head than newborn babies. That the 
latter fall well within the range of vari- 
ation of the relative head size among 
newborn monkeys and apes is also shown 
by figure 16. 

In conclusion it may be stated that the 
large proportionate size of the brain part 
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of the head in primate fetuses, which is 
directly responsible for their high fore- 
head, is of no phylogenetic significance. 
In other words, it can not support theories, 
such as have been advanced by Kollmann 
(1905), Kiaatsch (1913), and Hill-Tout 
(1911, 1914), but is due to specific con- 
ditions of growth, common to all verte- 
brates. 

Ctphalic index 

The cephalic index, which expresses 
the proportion between the breadth and 
the length of the brain part of the head, 
undergoes a marked decrease in the course 
of human fetal growth (see fig. 10). In 
young fetuses these two head diameters 
may be nearly alike, i.e., the maximum 
value of the index is still as high as 98. 
According to tables 19 and 10, a dolicho- 
cephalic index, indicating a very long 
and narrow head shape, does not appear 
until the 6th fetal month, while the 
opposite extreme, or an ultrabrachy- 
cephalic index, is normally not found 


9th fetal month, is of little significance 
since it was based upon observations on 
only 6 specimens. The older literature 
contains some reports which contrast 


TABLE 19 

Averages and^ ranges of variation of the cefhalic index 
Q)ead breadth in percentage of head length') in 
white fetuses and adults 


3rd month, 1st half. . 
3rd month, and half. . 

4th month 

5 th month 

6th month 

7th month 

8th month 

9th month 

loth month 

Adults (100 & and 9 ) 


AVER- I MINT- I MAXI- 
AGE I MUM I MUM 

87.4 81.6 

86.6 77.8 

87.6 76.5 

84.9 76.7 

8x.i 74.6 
81.3 71.6 

81.3 74.0 

81.5 73.5 
79*3 71-2. 

77.5 69«7 


98.0 

96.9 

97.1 

93.0 

89.1 

91.1 

87.1 

85.3 

90.3 

86.9 


sharply with the results discussed above. 
Weicker (1861), Riidinger (1877), and 
Schaeffer (1893 and 1896) obtained very 
low cephalic indices in fetuses. These 
authors had used only small series of 
specimens and had taken their measure- 


TABLE 10 


Distribution (in percentage frequencies) of the cephalic index of white fetuses and adults among the different 

classes of this index 


INDEX 

3 R 0 

EETAL 

MONTS 

4 th- 5 th 

EETAL 

MONTH 

6 xh- 7 th 

EETAL 

MONTH 

STH-IOth 

EETAL 

MONTH 

ADULTS 

Dolichocepiialic, 

2 ^- 75 -9 

1 

0 

0 i 

7 

27 

11 

Mesocephalic, 

76.0-80.9 

10 

11 

31 

31 

57 

Bracliyccplialic, 

81.0-85.9 

35 

17 

42 

42 

10 

Hvperbrachyceplialic, 86 . 0-90 .9 

32. 

47 

10 

10 

I 

Ultrabfachycephalic, 

91.0-X 

2-3 

14 

I 

0 

0 


after the 7th month of prenatal develop- 
ment. These results agree in principle 
with the findings of Retzius (1904). 
Mazzi (1918} found 71 per cent of 9 to 
10 months old fetuses to be brachy- 
cephalic (average 84.3), a percentage 
which is even higher than that of the 
writer. Mazzi’s further conclusion, that 
the cephalic index increases before the 


ments on the skull which is easily dis- 
torted and shrinks in drying very con- 
siderably, hardly ever retaining its normal 
shape. 

From the figures in tables 19 and lo 
can be concluded that dolichocephalic 
adults must, as a rule, have changed 
more during their ontogeny in regard to 
head shape than broad-headed adults. 
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Among the latter the cephalic index may 
undergo a slight secondary increase after 
birth (e.g., Tschepourkovsky, 1911). 
Pfitzner (1899) found this index to remain 
constant from birth to adult life. It can 
be stated, however, that in general the 
head index decreases during postnatal 
growth, as was demonstrated on very 
large material for instance by Porter 
1^1094), Hrdlicka (1900), and Rose (1905). 
This occurrence of age changes in the 
cephalic index has not always been con- 
sidered in studies on the inheritance of 
this proportion. 

The cephalic index of monkeys and apes 
seems to change very little in the course of 


FETUS, 40 WEEKS ADULT 

Fig. 17. Front Views of the Head of a Human 
Fetus, 10 Weeks Old, and of the Head of 
AN Adult Man, Both Reduced to 
THE Same Total Height 

growth. For instance, it ranges in gib- 
bons between 8z.5 and 90.1 in ii fetuses, 
and between 84.1 and 90.8 in 7 adults. In 
very broad-headed monkeys the index 
tends even to increase with advance in 
age; e.g., the values for howler monkeys 
varied in fetuses (48 to 68 mm. sitting 
height) from 84.8 to 86.8 and in adults 
from 90.3 to 94.Z. 

The prenatal growth changes in the 
human cephalic index can not be inter- 
preted as being of phylogenetic signifi- 
cance. It is much more likely that the 
intracranial pressure in the embryo tends 
to mold the soft brain part of the head 
into a sphere, from which approximate 
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form |he head can depart only after the 
skull has become more widely ossified. 

Kelatm height of the face 

The face part of the head grows faster 
than the brain part in man as well as in 
all the other primates (see fig. 17). This 
is most strikingly demonstrated by the 
so-called vertical cephalo-facial index or 
the proportion between the height of the 
face (to the naso-frontal suture) and the 
head height (from the ear opening), 
which is listed in tables zi and zz. In the 
first half of the 3rd month the face height 
of human fetuses amounts to only 47 per- 

TABLE II 


Averages of white and negro fetuses and adults for the 
proportion: Total face height in percentage 
of head height 


AGE 

WHITES 

NEGROES 

3rd month, ist half 

47.4 


3rd month, znd half 

48.7 

5X.X 

4th month 

5I.Z 

55.Z 

5 th month 

54-4 

57-1 

6th month 

55-9 

57 -S 

7th month 

55-5 

59-7 

8th month 

57-0 

59 - 2 - 

9th month 

57.2. 

59-3 

loth month 

58.3 

60.7 

Adult males 

85.4 

91.7 


cent of the head height, but in adult 
whites to 85 percent. In all adult 
monkeys and apes this index is very much 
higher than in adult man, rising with but 
few exceptions considerably above 100. 
The maximum index, of 17Z.6, was found 
in a male adult howler monkey, which 
surpasses the average adult white man by 
87 index units. A howler monkey fetus, 
corresponding in development to human 
fetuses of the nth week, differs from the 
latter by only iz index units. 

The growth changes in this proportion 
are much more marked after birth than 
during fetal life. This is chiefly due to 
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the comparatively late developm^t of 
the masticatory apparatus, which in- 
creases the facial height tremenduously 
during childhood. 

The figures in table 2.1 show a marked 
and constant racial difference, according 
to which negroes have the proportion- 
ately higher face, respectively lower 


The face height of the negro is also 
slightly greater than that of the white in 
its relation to the face breadth, and this, 
too, in fetuses as well as in adults. This 
height-width proportion of the face (upper 
face height in percentage of face breadth) 
remains practically unaltered during fetal 
growth (approximate average in whites 


TABLE 

Growth changes in the proportion: Total face height in percentage of head height. The development^ hut not the actuoTa^^ 
of the different monkey fetuses in a given perpendicular column corresponds approximately to that of human fetuses 
of the stated age in the particular column 





Prenatal (month) 



Postnatal 



3 r<l 



6th-8th 

9th-ioth 

Infant 

Juvenile 

Adult 

Orang-utan 



75.6 

83. 6-86. X 

91.4 

87.4-91.0 

108.3 

I117. 7-150.0 

Gibbon 

53.8-61 

.163 

.1-64. 

8)60. 5-66. 3 

64.5-65.4 

69.0-75.7 

lOO.O-lOI. 

1 1 108. 8-116.7 

Baboon 



76.Z 

80.2.-85.3 

81.0 

84.7 

117. 5-130. 

6 146.1-161.8 

Macaque 



64.1 

68.5-71.0 

74.0 

94.9-106. s 

! 101. 9-m, 

3 114.4-158.0 

Capuchin monkey 


.o \77 

71.3 

68.3 


77-5 

83.7-91.3 

; 95 - 9 -I 09-4 

Howler monkey. . 

[60.6-63 

.6-79. 

5 77 -^- 89-4 

81.8-84.5 

91.5-101.3 

; 115.7-118. 

i| 161. 7-171. 6 


TABLE 13 , 

Averages of white and negro fetuses and adults for the proportions of the nose: 'Relative nose height (nose height in percentage 
of upper face height^ Relative nose breadth (nose breadth in percentage of face breadth'), and 
Nasal index (nose breadth in percentage of nose height) 


3rd month, ist half. 

3rd month, and half. 

4th month 

5 th month 

6th month 

7th month 

8th month 

9th month 

loth month 

Adult males 

brain part of the head, than whites. This 
difference is already apparent in fetuses. 
Since man has the lowest index of all 
primates and whites even lower values 
than negroes, it can be stated that the 
white race has deviated farther from the 
simian condition of this proportion than 
has the negro. 


RELATIVE NOSE 
HEIGHT 

RELATIVE NOSE 
BREADTH 

NASAL INDEX 

White 

Negro 

White 

Negro 

White 

Negro 

63.8 


34.8 


137.6 


70.1 

66.8 

31.0 

55.6 ^ 

II5.3 

130.1 

68.5 

64.1 

16.8 

30.3 

105.9 

III.O 

68.5 

64.8 

14.6 

17.9 

97.8 

III. I 

67.5 

64.9 

15.1 

18.4 

98.4 

108.8 

67.3 

63.0 

15.1 

18.4 

97.8 

109.8 

68.0 

61.1 

15.5 

19.3 

97-6 

II4.7 

67.1 

61.6 

14.1 

18.3 

97.3 

II4.4 

66.0 

63.1 

14.1 

18.1 

95-9 

III.O 

71.3 

67.0 

14.6 

30.5 

61.1 

79.6 


39), but changes considerably in postnatal 
life (average in white adults 56), when the 
face grows much more intensely in height 
than in width. 

Nose 

The conditions of growth of the human 
nose are shown in a condensed form in 
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table 13. In both, whites and negroes, 
the nose becomes in general relatively 
higher and narrower with advancing 
development, and, in consequence of this, 
the nasal index decreases (see also hg. 17). 
In the 3rd month of fetal life 98 percent 
of the whites are hyperchamaerrhinic, i.e., 
have a nasal index above 100. In the 4th 



3 


decreases during fetal growth, namely 
from 77 in the 3rd month to 62. at birth 
(Broca, 1S71). The values of the latter 
index are much below those for the ex- 
ternal nose on account of the difference 
between the nasal breadth and the width 
of the apertura pirifomiis, a difference 
which becomes steadilv less with advanc- 



4 


Fig. 18. Racial Differences between the Heads of White fNo . i \nd 3) «iNd Negro v.Nos. l and 4J FetusEs 
All four specimens about 5 months old. Note particularly the differences in the nose and in the lips 


month 84 percent of the whites still fall 
into this group, but in whites of the loth 
month only 46 percent have retained this 
high index. Among adult whites there 
are no chamaerrhinic individuals left 
at all, 96 percent of the cases being leptor- 
rhinic, i.e., having a nasal index below 
70. The nasal index, formed from 
measurements on the bony nose, also 


ing growth (Schultz, 1918 & 1910). 
During postnatal life the height-width 
proportion of the external nose continues 
to decrease, as has been showm by many 
investigators, e.g., Houze (1888), Blind 
(1890), and Schwerz (1910). 

In monkeys and apes the nasal index 
decreases with advance in growth, as in 
man, embry’-os having a proportionately 
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Ycry broad nose (see e.g., figures i6 c and 
12. c bv Keibel, 1906). However, the 
decrease of the nasal index occurs in most 
monkeys much more rapidly than in man, 
so that monkey fetuses have considerably 
lower indices than human fetuses. In the 
gibbon, for instance, the nasal index 
amounts to 61.8 in a fetus (56 mm. sitting 
height) and varies between 38.7 and 41.8 
in adults. The nasal index of howler 
monkeys was found to be 80 in a fetus 
(48 mm. sitting height) and anywhere 
from 51.9 to 58.3 in adults. 

The three proportions of the nose, 
listed in table 13, show at all growth 


The nasal index decreases ontogenetically 
to much lower values in whites than in 
negroes. The nose of the latter, there- 
fore, is broader than that of the former 
not only in relation to the face breadth 
but also in proportion to the nose height. 
The nose of the adult negro has in every 
respect deviated less from the human fetal 
nose than has the adult white nose. The 
latter has advanced ontogenetically as 
well as phylogenetically to the highest 
development, whereas the nose in such 
races as the Australians and the Bushmen 
represents the most primitive and least 
specialized condition in man. 


TABLE ^ 

Growth changes in the proportion: Interocular breadth in percentage of face breadth. The indices for man are approximate 
means, those for other primates are based upon single specimens or, where two numbers are given, they 
represent the range of variation of two or more specimens 


PRIM.A.TE 

AGE 

Prenatal (month) 

Posenacai 

3rd 

4th-5th 

6th-8ch 

9th-io:h 

Infant 

Juvenile 

Adult 

Man (Whites) 

44.0 

3 ^.o 

17.5 

15.0 


M -3 

13.0 

Orang-utan 


2 - 9-3 

15 4-18.5 

19. 1 

II 8-18.7 

11. 1-10. 1 

11. 0 

Gibbon 

65.7-34.0 

15.7-30.0 

13.4-18.5 

14.4-16.5 

10.7-15 6 

10 . 4-13 . 8 

18.6-17.1 

Baboon 


16.8 

19.0-10.9 

18.O-1S. 3 

15.3-15.6 

11. 5-15 I 

17.9 

Macaque . . , . 


11.3 

18.0-14.1 

11.5 

15. 9-11. 5 

11.3-16.7 

13.1-15.6 

Colobus monkey 


15 1 

11.3-13 .6 

11.5 


10.1 

16.6 

Capuchin monkey 


14.5 

14.6 


19-3 

17.6-19.1 

I5.I-I7.5 

Howler monkey 

30 7-34.3 

18.3-19.1 

cr\ 

15 3-16.5 

11.3-13.3 

10 . 4-11 . 6 

19. 3-11. I 

Lemur 




48 3 


46.4 

44.8 


stages very marked racial differences. In 
relation to the upper face height the nose 
is lower in the negro than in the white. 
This implies directly that the upper lip, 
as measured from the root of the nasal 
septum to the middle of the mouth, is 
relatively higher in the former race than 
in the latter. The nasal breadth, in its 
relation to the breadth of the face, is very 
much larger in negroes than in whites; 
even in fetuses is this racial difference 
unusually well marked (see fig. 18, Nos. 
3 and 4; other illustrations were pub- 
lished by the author in 1910 and 


Relative luidth hetxueen tht eyes 

That the eyes of all primates move 
relatively closer together with advance in 
growth is shown by the decrease in the 
relative interocular breadth, as given in 
table Z4. In embryonic life the relative 
width between the inner angles of the 
eyeclefts is still at least as great as in adults 
of most other groups of mammals. The 
interocular width amounts to more than 
half the face breadth in human fetuses of 
the 9th week, but in adult whites to less 
than one fourth (see fig. 17). The final 



FETAL GROWTH OF MAN AND OTHER PRIMATES 


‘degree in this ontogenetic approximation 
of the* eyes reaches different extremes in 
different primates. The prosimiae con- 
tain forms in which the eyes are widely 
separated (c.g., in the genera Dauhentonia, 
Mixocehus, Lemur, Propthecus, and Indris), 
but other forms have very narrow inter- 
orbital regions, particularly the genera 
Tarsius and Loris. Among the monkeys 
and apes the eyes have moved relatively 
closest together in some Capuchin and 
Guenon monkeys, in macaques and some 
baboons, and particularly in orang-utan. 
Adult man has a larger relative interocular 
breadth than the above named primates. 
In dolichocephalic whites this proportion 
seems to decrease ontogenetically to the 
smallest human values, while in Tasma- 
nians and Hottentotts it is altered least, 
the eyes remaining relatively farther apart 
than in other races of man. 

There can be no doubt that in the course 
of evolution of the primates a migration 
of the eyes towards each other has taken 
place, very similar to that occurring in the 
course of growth. This particular phy- 
logenetic process affected man somewhat 
less than many of the other primates 
(see also Schwalbe, 1839). 

IX. VARIABILITY 

Range of variations 

In previous chapters it has been shown 
that human racial characters develop 
very early in fetal life. The question now 
arises, whether the individual character- 
istics of man also appear early in ontogeny. 
In other publications the author has dem- 
onstrated that such bodily features as 
the shape of the nose (19x0), the relations 
between upper and lower jaw (i9L5b), 
the shape of the hand, and the relative 
length of the limbs (1916) vary fully as 
CQUch in fetuses as in adults. That indi- 
vidual peetdiarities do not develop during 


adolescence, as is sometimes assumed, 
but are already clearly defined even in 
young fetuses, is also proved by the 
following examples. 

Table Z5 lists the relative ranges of 
variation in the hand index at different 
growth stages. The extreme individual 
values of this index differ from each other 
in fetuses for as much as 36.8 percent of 
the average value. Generally speaking, 
the shape of the hand tends to vary with 

TABLE Z5 

Relativi ranges of variation (difference between minimum 
and maximum in percentage of average) in the hand 
index (hand breadth in percentage of hand length) of 
white fetuses and adults 


AGE 

RELATIVE 

AGE 

RELATIVE 

RANGE 

RANGE 

9 weeks 

14.5 

17 weeks 

6.7 

10 weeks 

31.1 

18 weeks 

11.6 

II weeks 

10.9 

19 weeks 

1.7 

12. weeks 

30.3 

30 weeks 

18.4 

13 weeks 

19.0 

31 weeks 

14.7 

14 weeks 

13.8 

31 weeks 

11.3 

15 weeks 

36.8 

33 weeks 

16.8 

16 weeks 


34 weeks 

11.4 

17 weeks 

11.7 

35 weeks 

8.7 

18 weeks 

10.6 

36 weeks 

10.5 

19 weeks 

13.8 

37 weeks 

17.7 

2.0 weeks 

19.7 

38 weeks 

13.4 

weeks 

36.1 

39 weeks 

13.0 

12. weeks 

13.8 

40 weeks 

16.1 

13 weeks 

IS. 5 



14 weeks 

14.8 

Average for 


15 weeks 

16.3 

16.8 

fetal life.. . . 

10.9 

z6 weeks 

Adults 

11,3 



practically the same intensity before 
birth as in adult life, but it has to be 
emphasized that the most extreme varia- 
tions occur among the fetuses. This 
permits the conclusion that the variations 
in the relative hand width of adults must 
be primarily of a congenital and not of an 
acquired nature. Special functions, as, 
e.g., long continued manual labor, may 
exert an influence on this proportion, but 
merely by superimposing their effect on 



5o8 


THE QUARTERLY REVIEW OF BIOLOGY 


the natural condition (see also Brezi/ia & 
Lebzelter, 1314). 

Figure 19 illustrates the range of varia- 
tion in the proportion between the lengths 
of the upper and lower limbs. The arm 
of fetuses (14 weeks) amounts to anywhere 
from 106 to 115 percent of the length of 
the lower limb; in adults these percentages 
vary only between 79 and 88. This makes 
it seem more than likely that persons with 



whether it is merely determined by 
isolated extremes, if not pathological 
cases. Figure zo demonstrates on the 
example of the cephalic index that the 
extreme variations are linked by an unin- 
terrupted series of intermediate stages, 
which are the more numerous the closer 
they approach the average. The dis- 
tribution and frequency of the variations 
in fetuses is as normal as in adults and 


AbULTS 



Fig. 19. Diagrammatic Representation op the Ranges oe Variation in the Proportion between the Total 
Limb Lengths op White Fetuses (14TH Week) and op White Adult Men 

Total lower limb length = 100 


relatively short arms, as well as those with 
relatively long ones, must have possessed 
these distinctions long before they were 
born and did not develop them gradually 
injater life. 

Distrihution of variations 

It must be considered whether the range 
of variations in fetuses is really char- 
acteristic for their normal variability, or 


the extremes, undoubtedly, represent the 
typical limits of all observed normal 
variations. 

Variability at different ages 

Fischel (1896), Mehnert (1896), and 
others have found a tremendous variabil- 
ity in early embryonic development, in- 
deed, one which is never equalled in latei 
growth stages. According to Minot 
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(1891), the variability of male guinea- 
pigs is more than twice as great at the 
beginning as at the end of postnatal 
growth, Pearson (1900) showed that 
man has a much greater variability at 
birth than in adult life. Woodbury 
(1911) found a marked decrease in human 


tionai exceptions have been published in 
more recent years (e.g. Boas & Wisslcr, 
1905). 

Variahility and growth ran 

Considerable evidence has been col- 
lected for an apparent correlation between 


71 73 75 77 7^ 81 83 85 87 8a <33 aS a7 .m 



Fig. 10 . Frequency Polygons eor the Variations in the Cephalic Index (Length : Breadth Proportion op 
THE Head) op 100 White Fetuses op the Third and Fourth Month (upper pigure) and op ioo White 

Adults (lower figure) 

Both series Jfrom the population of the eastern United States (mostly from Baltimore) 


variability during the first six years of 
postnatal life. Based upon some of the 
above quoted data Vernon (1903) had 
proposed the following law: “The vari- 
ability of a developing organism dimin- 
ishes regularly with its growth.” 
Vernon himself called attention to certain 
exceptions to his “law,” and many addi- 


variability and rate of growth (Boas, 
1896-07; King, 19x3; and others), which 
would imply that the former fluctuates at 
different ages in accordance with the 
changes in intensity of the latter. This 
claim is largely supported by data in 
regard to postnatal growth. It would 
seem but consistent to conclude that the 
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high, variability of the embryonic a 
fetal body is directly due to the rapidity 
of prenatal growth and that because of 
this it would be expected that different 
measurements of the body show little 
correlation with one another. However, 
the author's results do not agree with 
these theories, or, at least, show many 
exceptions to them. The rate of growth, 
as was discussed in a previous chapter, 
diminishes very rapidly with advance in 
fetal growth, but the variability, accord- 


growth rates are 13 to 15 times smaller 
at the former than at the latter age. The 
third and last example in table z6 reveals 
the surprising fact that in certain cases 
the correlation between two dimensions 
of the fetal body may even be much closer 
during periods of rapid growth than when 
growth has slowed down considerably. 
As a matter of fact, the highest and lowest 
correlation coefficients for the sitting 
height and trunk height happen to fall 
exactly into the months with the largest 


TABLE 2.6 


%jat€ of groufth (^relative incrtmtnt per week') and variability and rate of growth and correlation in various measurements and 
proportions of white fetuses and adults. The increments and coefficients have been calculated for each week of fetal 
life. For a clear survey of these figures only the monthly averages are listed in this table 






PETAL MONTHS 




UTCSEMENT OR COETFICIENI 

JfEASXJREjnENT OR PROPORTION 









1 

< 

3rd 

4tli 

5th 

6th 

7th 

8th 

9th 

loth 

Average weekly increment | 

Trunk height 

Shoulder breadth 

13.1 

M -3 

18.0 

13.3 

3.5 

II . 1 

8.Z 

6 .Z 

5.7 i 
4-8 

5.0 

3-5 

1.6 

2-4 

5-4 

6 .Z 

0 

0 

Average weekly variation 

Shoulder breadth 

-z; — , 7 — X 100 

Trunk height 

6.5 

8.0 

3.6 

8.7 

7.3 

3-3 

4-3 

5-9 

8.1 











Average weekly increment | 

Upper limb length 

Lower limb length 

3 S -3 

45-5 

13.3 

R 4 .Z 

II. I 

12-3 

5.8 

6.3 

4-5 

4.1 

2-5 

1.3 

3 -^ 

3.1 

4.4 

4.0 

0 

0 

Average weekly variation 



Upper limb length 

Lower limb length 

3.3 

3 .R 

3 .Z 

3.0 

2-7 

1.9 

3-6 

3.0 

X.8 











Average weekly increment | 

Sitting height 

Trunk height 

16.7 

13.1 

17.6 

18.0 

9-7 

9-5 

6.4 

8.x 

4 - 9 

5 - 7 

3-1 

5-0 

3.0 

1.6 

3.8 

5*3 

0 

0 

Average weekly correlation ( 

Sitting height and trunk 

+ 

+ 

+ 

+ 

4 " 

+ 

— 

+ 

+ 

coefficient 

height 

0.83 

0.71 

0.42. 

o.x8 

0.X4 

0.18 

0.33 

0.08 

0.73 


ing to table z6, does not change in a 
similar manner. For instance, the largest 
variation coefficients of the relative 
shoulder breadth occur in the 5th month, 
while the measurements, from which 
this proportion is formed, grow fastest 
in the 3rd month. The variability in the 
intermembral index decreases from the 
3rd to the 8th months in close connection 
with the growth rate, but in the 9th 
month the variability is again nearly as 
high as in the 3rd month, though the 


and smallest relative increments in these 
measurements. 

Variability in different farts of the body 

How widely the various body parts and 
proportions may differ in regard to their 
variability is demonstrated by the figures 
in table zy. While a few proportions are 
more variable in adults than in fetuses, 
the majority of the proportions show a 
greater variability before birth than at the 
completion of growth. However, these 
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age changes generally do not alter the 
relative degree of variability in a given 
■^proportion. Thus it is found, e.g., that 
the relation between the upper and the 
lower limb length has the smallest varia- 
tion coefficients in both columns of table 
zy, and that the relative position of the 
umbilicus is the most variable feature of 
both fetuses and adults. On account of 
all these and certain other findings the 
author tends to agree with Peter (i^zo), 
who reached the conclusion that there 
exists a typical variability for each species. 


Compensating variations 

Of particular interest in this connection 
is the fact that the total lengths of the 
extremities are more constant than their 
component parts. For instance, the rela- 
tive range of variation of the total upper 
limb length (got by adding the lengths 
of upper arm, forearm, and hand) averages 
in fetuses of corresponding sitting height 
8.5, but the relative range of the upper arm 
length amounts to 9.9, that of the fore- 
arm length to 9.Z, and that of the hand 


TABLE X7 

Variation coefficients and their prohahle errors for various body proportions of white fetuses and adults. The figures for 
fetuses represent the averages of weekly coefficients 

PROPORTION 


Shoulder breadth : anterior tniak height 

6.6^ 

± 0 

96 

8.06 

d= 0,78 

Hip breadth : anterior trunk height 

7.2.9 

± I 

09 

6.18 

it 0.60 

Relative position of umbilicus 

13-34 

± 2. 

07 

9.40 

± 0.91 

Total upper limb length : anterior trunk height. . 

7.04 

± I 

06 

5 . 8 x 

±0.57 

Total lower limb length : anterior trunk height. . 

7.18 

± I 

09 



Total upper limb length : total lower limb length 

3.05 

=b 0, 

48 

5 


Forearm length : upper arm length 

4.74 

± 0 

64 

6,14 

±0.60 

Leg length : thigh length 

4.24 

± 0. 

63 

4.60 

it 0.45 

Average head diameter : anterior trunk height. . . 

6.59 

d= 0, 

99 

4.86 

±0.47 

Head breadth : head length 

4-45 

rb 0, 

S6 

4.31 

it 0.4Z 

Total face height : anterior trunk height 

7-2.9 

±1. 

10 

6.77 

it 0.66 

Upper face height : average head circumference. . . 

5.74 

d= 0, 

86 

6.87 

it o.6x 

Upper face height : face breadth 

6.70 

it 1 . 

03 

7 . 7 Z 

d=o. 7 S 

Nose breadth : nose height 

7-77 

dt I, 

lO 

7.76 

±0.75 

Average of all (14) proportions 

6 

'•54 


£ 

>.zo 


each bodily character, and each stage of 
development. Markedly different vari- 
abilities in different species of primates 
have been described by the author in 
another paper (19x6). 

The variability of absolute dimensions 
on the fetal body can be determined only 
on specimens of exactly the same age, i.e., 
size, in order to exclude individual differ- 
ences due to growth. It suffices to state, 
that the absolute measurements of fetuses 
with the same sitting height were found 
to vary with different intensity in different 
parts of the body, just as various propor- 
tions have different variabilities - 


length to ii.z. This must be interpreted 
as indicating that an individual lengthen- 
ing of one part of an extremity tends to be 
compensated for by a relative shortening 
in another part of the same extremity and 
vice versa. In other words, an acceleration 
of growth in one segment of a limb must 
generally be accompanied by retarded 
growth in another segment. This may 
be termed “the rule of compensating 
variations." That this rule is applicable 
also in regard to adults is apparent from 
figures, recently published by Todd (192.5). 
This author obtained the following varia- 
tion coefficients: Total upper limb length 
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(measured directly) 3.57 ± 0.183; upper 
am length 4.93 ± 0.135; foream lerfgth 
4.96 d= 0.137; and hand length 4.97 db 
0.137. The yariability of the arm seg- 
ments is so much higher than that of the 
total arm length that this difference could 
not be accounted for by the fact that the 
error in measuring is relatively greater in 
short than in long dimensions. 

The greater variability of the limb seg- 
ments than of the total limb length ex- 
plains the fact that the relations in length 
between corresponding parts of the upper 
and the lower limb are less constant than 

TABLE 

Relative ranges of variation in white fetuses and adults for 
the indices expressing the relation in length between the 
total upper and lower extremity and their corresponding 
parts 


PROPORTION 

AVER- 

AGE 

IN PE- 
TUSES 


Total upper limb leagth ^ 

Total lower limb length 

10.35 

10.78 

Upper arm length 

Thigh Jeagth ^ 

15.18 

10.71 

Forearm length ^ , 

— i X 100 

Leg length 

16.12. 

11.17 

Hand length 

-s 5 r X 100 

Foot length 

14.65 



the intemembral index. That this is 
true for fetuses as well as for adults is 
clearly shown by the figures in table i8. 

Asymmetries 

Asymmetries can theoretically be re- 
garded as variations in the two halves of a 
body. Some brief remarks on fetal asym- 
metries will therefore be added to this 
chapter on variability. 

The literature contains a number of 
statements to the effect that asymmetries 
appear at the earliest during childhood 
(e.g., Gaupp, 1909). This, however, 
can not be maintained any longer. Bartel- 


mez and Evans (1916) report that young 
human embryos exhibit often rather 
marked asymmetries and the writer (192.3) 
has demonstrated that human fetuses are 
asymmetrical with great frequency at 
least after the beginning of the fourth 
month. Naturally, very precise instru- 
ments have to be used in order to detect 
the asymmetries of small fetuses, and 
measurements on the skeleton can be taken 
only immediately after it has been dis- 
sected out, so that the cartilaginous parts 
have had no chance to shrink in drying. 

Table compares the frequency and 
degree of a few asymmetries in fetuses 
with the corresponding ones in adults. 
The difference in length between the 
right and left humerus varies in fetuses 
from o to 7.5 percent of the smaller 
measurement, the maximum difference in 
case of the fetal foot length amounts to 
7.7 percent, and in case of the ear height to 
13 .3 percent. These figures show that the 
degree of asymmetry varies considerably 
in different individuals and in different 
parts of the body. In fetuses, as in adults, 
the humerus is longer on the right side 
in over half the cases. This early occur- 
rence of a difference in the length of the 
arms proves that such asymmetries in the 
adult are rarely, if ever, due to any 
specialized function, such as right-handed- 
ness. Even though the majority of per- 
sons use the right arm by preference and 
may thus give it a greater growth 
stimulus, one would have to resort to the 
assumption of the inheritance of an ac- 
quired character to explain on that basis 
the prenatal existence of this asymmetry. 
The differences in the length of the two 
feet favor the left side and this in fetuses 
as well as in adults. For the latter this 
has also been shown by Matiegka (1893). 
Asymmetries in the size of the outer ears 
are very common in man and apparently 
even somewhat more pronounced in fetal 
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than in adult life. In ear size there exists 
no preference, as in the first two measure- 
Incnts, of one side over the other, at least 
according to the author’s findings* In 
adults Worobjew (1901) found the right 
ear to be more frequently the larger of the 
two, but Godin (1910) obtained just the 
opposite result. 

Many more asymmetries exist in other 
parts of the fetal body, e.g., in the length 
of the clavicles and in the exact position 
of the nipples. All these asymmetries 
are manifestations of a certain independ- 
ence in the growth of the two halves of 
one and the same body. 


ations are present long before environment 
coiild possibly play an important r 61 e. 

A comparison between the variabilities 
existing in different age groups has one 
uncertain factor with which to reckon 
and that is mortality. It is not unthink- 
able that extreme variations are more 
likely to die at an early age than variations 
close to the average. This would tend to 
reduce the relative range of congenital 
variations with advance in age. It might 
be argued, therefore, that the wide range 
in the variations of some bodily characters 
of fetuses is subsequently diminished 
exclusively on account of selective mor- 


TABLE 19 

Percentage frequencies of symmetry and asymmetries and average differences (including cases of symmetry) hetmen measure’ 
ments on the two sides (expressed in percentage of smaller measurement) in fetuses and adults 


MEASUREMENT 

AGE 

Humerus length 

Fetal 

Adult 

Foot length.... 

Fetal 

Adult 

Ear height 

Fetal 

Adult 


Conclusions in regard to variability 

It has been shown that not only indi- 
viduals but even the right and left halves 
of one body vary no less — indeed, in some 
cases more — ^before birth than in adult 
life. It was demonstrated, furthermore, 
that at any stage of growth different 
bodily characteristics have different de- 
grees of variability and that, generally 
speaking, these typical degrees seem to 
maintain their relation to each other 
throughout development. An analysis of 
these findings leads inevitably to the con- 
clusion that the influence of environmental 
factors can not be very large and, hence, 
has often been much overestimated. Vari- 


CASES 

Right > left 

Right *» left 

Right < left 

AVERAGE 
PER CENT 
DITPERENCE 

100 

5 x 

2.7 

ZI 

1.3 

105 

54 

M 

IX 

1.5 

100 

33 

xo 

47 

1.4 

500 

3 ^ 

16 

53 

1. 1 

100 

39 

2.5 

36 

X .9 

100 

33 

37 

30 

1.9 


tality. Certainly the prenatal death rate 
eliminates a very large percentage of all 
variations. From a survey of the litera- 
ture on this question the author (1911) 
has reached the conservative conclusion 
that at most 78 out of every 100 concep- 
tions develop to term. It has to be em- 
phasized that, whereas this explanation 
is not impossible, it is one which at pres- 
ent can be neither effectively supported 
nor entirely disproved. 

X. SUMMARY 

Much could be added to this review of 
fetal growth, which is far from complete. 
The data presented were selected partic- 
ularly from the point of view of the phys- 



The general treni of the growth changes in the more important body proportions of primates, with special reference to man 


MEASUEJEMENT 

f 

GENERAL TREND OF RELATIVE 
CHANGE WITH ADVANCING AGE 
INMAN 

AVERAGES OF 
PROPORTION IN 
WHITES 

general trend of RELATIVE 
CHANGE with ADVANCING AGE 

IN APES AND MONKEYS 

Fetus, 

5th 

week 

New- 

born 

Adult 

Chest circumference 

Decreases in relation to 
trunk height 

X38 

179 

170 

In principle the same as in 
man 

Hip breadth 

Increases in relation to 
trunk height 

42- 

54 

6x 

In principle the same as in 
man 

Hip breadth 

Increases in relation to 
shoulder breadth 

58 

84 

91 

In principle the same as in 
man 

Transverse chest diameter 

Increases in relation to 
sagittal chest diameter 

105 

119 

130 

The same as in man, in apes, 
but opposite in monkeys 

Position of umbilicus 

Shifts to a relatively higher 
place on the trunk 

16 

2-4 

30 

The same as in man 

Position of nipples 

Shifts to a relatively lower 
place on the trunk ex- 
cept during 6th-ioth 
month of fetal life 

80 

81 

73 

Shifts to a relatively higher 
place on the trunk, i.e»,in 
the opposite direction as 
in man 

Total length of upper limb 

Increases in relation to 
trunk height, except dur- 
ing 6th-ioth month of 
fetal life (decrease) 

56 

IZl 

M5 

Principally similar increase 
and decrease as in man 

Total length of upper limb 

Decrease in relation to total 
length of lower limb 

133 

105 

83 

The same as in man, though 
not as pronounced 

Total length of lower limb 

Increases in relation to 
trunk height, except dur- 
ing 6th~ioth month of 
fetal life (decrease) 

72- 

II6 

175 

Principally similar increase 
and decrease as in man, 
though changes not as 
pronounced 

Forearm length 

Increases in relation to 
upper arm length 

7x 

79 

84 

The same as in man, though 
mostly more pronounced 

Leg length 

Increases in relation to 
thigh length 

65 

79 

84 

The same as in man or no 
change 

Hand breadth 

Decreases in relation to 
hand length 

60 

53 

45 

The same as in man 

Foot breadth 

Decreases in relation to 
foot length 

52- 

41 

37 

The same as in man 

Thumb length 

Decreases in relation to 
hand length, except dur- 
ing postnatal life 

74 

68 

69 

The same as in man 

Average head diameter 

Dcacascs in relation to 
trunk height 

95 

59 

31 

The same as in man 

Head breadth 

Decreases in relation to 
head length 

87 

79 

77 

Mostly no change or some- 
times slight change in 
opposite direction 

Total face height 

Increases in relation to 
head height 

47 

58 

85 

The same as in man but 
mostly more marked 

Upper face height 

Increases in relation to face 
breadth (decreases slight- 
ly before birth) 

40 

38 

56 

Generally increases as in 
postnatal life of man 

Nose breadth 

Deaeases in relation to 
face breadth 

36 

Z 4 

2-5 

In principle the same as in 
man 

Nose breadth 

Decreases in relation to 
nose height 

145 

96 

6z 

In principle the same as in 
man but proceeding more 
rapidly in most cases 

Interocular breadth 

Decreases in relation to 
face breadth 

5 x 

2.5 

2-3 

In principle the same as in 
man 



FETAL GROWTH OF MAN AND &THER PRIMATES 


515 


cai anthropologist and in the hope that 
:hey may be found useful primarily in the 
for the laws governing individual 
growth and, indirectly, also in connection 
with the study of the evolutionary spe- 
cializations in races and species. In 
spite of the fact that the scope of this 
paper has been limited, it has been possible 
to sketch merely the outlines of the many 
different and often very complicated con- 
ditions of fetal growth. To summarize 
fully this review, which already has had 


thesf changes differ frequently in the 
various species . The different proportions 
become altered in the course of growth with 
widely differing intensity. For instance, 
in man, according to the averages in table 
30, the relative head size changes most 
(from 55 to 31), the relative length of the 
lower limb (71 to 175) and the nasal 
index (145 to 62.) change almost as much; 
however, some other proportions, such 
as the relative thumb length (74 to 69), 
are but little different in early and late 


TABLE 31 

Kacial differences between whites and negroes, existing in fetal as well as in adult life. A racial condition marked with* 
is somewhat more "simian” and less "human” than in the other race 


BODILY CHAIIACTER 

Hip breadth in relation to shoulder breadth 

Total length of upper limb in relation to trunk' height . 
Total length of upper limb in relation to total length 

of lower limb 

Forearm length in relation to upper arm length 

Hand breadth in relation to hand length 

Thumb length in relation to hand length 

Finger 11 longer than finger IV 

Total length of lower limb in relation to trunk height. 

Leg length in relation to thigh length 

Foot breadth in relation to foot length 

Great toe longer than second toe 

Heel prominent 

Total face height in relation to head height 

Nose breadth in relation to face breadth 

Nose breadth in relation to nose height 

Upper lip in relation to upper face height 

Lips very thick 


IN WHITES (AS COMPARED 
WITH NEGROES) 

IN NEGROES (AS COMPARED 
WITH whites) 

Broader 

Narrower 

Slightly shorter 

Slightly longer 

Slightly shorter 

Slightly longer* 

Shorter 

Longer* 

Broader 

Narrower* 

Longer 

Shorter* 

Not rare 

Very rare* 

Slightly shorter* 

Slightly longer 

Shorter 

Longer* 

Slightly broader 

Slightly narrower* 

Frequent 

Rare* 

Rare* 

Very frequent 

Lower 

Higher* 

Much narrower* 

Much broader 

Very much narrower* 

Very much broader 

Lower 

Higher 

Never* 

Practically always 


to be condensed to the point of dryness, 
would entail an undue amount of repeti- 
tion. This chapter, therefore, is restricted 
chiefly to the tabulation of the general 
trend of the growth changes in the most 
important body proportions (table 30) 
and to the list of racial differences existing 
before birth (table 31). These tables 
illustrate a few generalizations which have 
not been mentioned above: The majority 
of the proportions change ontogenetically 
in a very similar manner in all primates, 
but the rapidity and the final degree of 


stages of development. How much the 
degree of ontogenetic change differs in the 
various body parts, is also clearly shown by 
the series of diagrammatic illustrations 
of the exact body proportions in human 
fetuses and in an adult (drawn under the 
author’s direction), which have been 
published in Gray’s textbook of human 
anatomy (zist edition, 19x4, fig. 57). 
All these conditions can be traced to the 
fact that the rate of growth changes with 
age and differs in the various parts of the 
body. This, of course, is not an explana- 
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tion but merely points in the direction in 
which the ultimate causes are to be 
sought. 

In nine of the bodily characters which 
show racial differences in fetuses, the 
whites are more peculiarly human than 
the negroes; in five other characters, 
however, this relation is reversed and the 
negroes are farther removed than the 
whites from the typically simian con- 
ditions (table 3 1 ). Incidentally, it should 
be kept in mind that the term “simian'’ 
is not synonymous with “primitive." 
For instance, the thumb in many respects 
is more simian in the negro but more 
primitive or original in the white. 

Finally, it has to be mentioned that no 
racial differences exist in fetuses which 
are not also present in adults. 

XI. GENERAL CONCLUSIONS 

In the individual development of differ- 
ent human races or of different primate 
species, as well as in their evolution, there 
are theoretically only three kinds of 
changes possible: The changes may pro- 
ceed in opposite directions, i.e., their 
courses may be divergent, or they may occur 
strictly parallel to each other, or finally, 
they may converge, thereby reducing the 
racial or species difference with advance 
in growth or in evolution. The studies 
discussed in this paper have not produced 
a single instance in which the ontogenetic 


changes converged, either in different 
human races or in different primates. All 
human racial differences and all differci.^^ 
between man and apes or monkeys iii- 
crease during some periods of growth and 
remain the same during other periods, 
but they never become less with advancing 
development. This, undoubtedly, con- 
stitutes a strong support for the assump- 
tion of a monophyletic origin of the 
human races and of one common ancestry 
for ail the primates. The much closer 
resemblance between man, ape, and 
monkey in early developmental stages 
than in adult life, can actually not be 
understood in any other way than by 
assuming one origin for all from which 
they inherited the tendency for the same 
ontogenetic processes, which, in turn, 
could only have become modified through 
later specializations. There exists ample 
evidence for the conclusion that many 
parts of the human body are less special- 
ized than the corresponding parts of some 
other primates and hence have remained 
phylogenetically, as well as ontogeneti- 
cally, more original and primitive. In a 
very similar way, it can be stated that the 
various races of man have become spe- 
cialized in the different parts of their 
bodies in widely differing degrees. These 
relative degrees of evolutionary modifica- 
tion correspond in many instances to the 
relative extent of the ontogenetic change 
in the particular structure. 


LIST OF LrrERATUElE 


Ahlieud, F. 1871. Bestimmungen der Grossc und 
des Alters der Frucht vor der Geburt. Arch. f. 
GyaakoL, ii, 353-371. 

Akeley, C. E. 1513. Gorillas — ^rcal and mythical. 

Natural History, xxiii, 4x8-447. 

Akiba, T. 19x4. Ucber die Korperproportionen der 
japanischen Feten. Folia Anatom. Japonica, 

ii, 185-X15. 

Arey, L. B, 19x5. Simple formulae for estimating 
the age and size of human embryos. Anatom. 
Rcc., XXX, xS^rx^^. 


Baldwin, B. T. 19x1. The physical growth of 
children from birth to maturity. Unir. of Iowa 
Studies in Child Welfare, i. No. i. 

Bartelmez, G. W., and H. M. Evans. 19x6. 
Development of the human embryo during the 
period of somite formation, including embryos 
with X to 16 pairs of somites. Contribut. to 
Embryo!., xvii, 1-67. Carnegie Instit., Wash- 
ington, Publ. No. 361. 

Bean, R. B. 191X. The sitting height. Amer. J. 
of Phys. Anthrop., v, 349-390. 



FETAL GROWTH OF MAN AND (XTHER PRIMATES 


517 


baNjR.B. 1513. Altematioa in growth. Anatom. 
Rec., XXV, 1 19. 

r 1914. The pulse of growth in man. 

Qatom. Rec., xxviii, 45-61. 

Bj^dard, F. E. 1893. Contributions to the 
anatomy of the anthropoid apes. Transact. 
Zoolog. Soc., London, xiii, 177-1.18. 

Blind, H. 1890. Ueber Nasenbildungen bci Neuge- 
borenen. Inaug.-Diss., Miinchen. 

Bluntschli, H. 1913. Demonstration 2ur Entwick- 
lungsgeschichtc platyrrhiner Affcn, . . . Ana- 
tom. Anz., xliv, Ergzh., 196. 

Boas, F. 1896-97. The growth of Toronto school 
children. Report, U. S. Commissioner of 
Education, Washington, 

Boas, F., and C. Wissler. 1905. Statistics of 
growth. Report, U. S. Commissioner of Educa- 
tion, Washington. Chapter 11 . 

Boule, M. 1911-13. L’homme fossile dc la 
Chapelle-aux-Saints. Annales de Palcontol., 
vi, 109; vii, ai, 101; viii, 109. 

Brandt, A. 1898. Das Hirngcwicht und die Zahl 
dcr peripherischen Nervenfasern in ihrer Bezic- 
hung zur Korpergrosse. Biolog. Zcntralbl., 
xviii. 

Brezina, E., and V. Lebzelter. 1914. DerEinfluss 
des Wachstums und des Berufes auf die Dimcn- 
sionen der Hand. Zeitschr. f. Konstitutions- 
lehre, x, 381-389. 

Broca, P. 1872.. Rccherchcs sur Tindice nasal. 
Revue d’Anthrop., i, i. 

Burtscher, H. 1877. Das Wachstum der Extremi- 
taten beim Mcnschcn und bci Saugcticrcn vor 
der Geburt. Zeitschr. f. Anat. u. Entwick- 
lungsgesch., ii, 357-374* 

Calderini, G. 1875. Lc dimensioni del feto negli 
ultimi tre mesi della gravidanza. Torino, 

Calkins, L. A. 191a. Morphometry of the human 
fetus with special reference to the obstetric 
measurements of the head. Amcr. J. of Obstet. 
and Gynecol., iv. 

Child, C. M. 1915. Senescence and Rejuvenes- 
cence. Univ. of Chicago Press. 

Daefner, F. 190a. Das Wachstum des Menschen. 
Anthropologischc Studic. Leipzig. 

Deniker, J. 1884. Sur un foetus dc Gorillc. 
Compt. Rend. Acad. Paris, 753-756. 

— . 1885. Recherches anatomiques ct embryo- 
logiques sur Ics singes anthropoides. Foetus dc 
Gorillc et de Gibbon compares aux foetus 
humains ct aux anthropoides jeunes ct adultes. 
Arch, de Zoologie experim. et gen., a® ser., iii, 
Suppl., 3® m6m. 1-1.65. 


Ddbois, E. 1897. Abhangigkcit des Himgc- 
wichtes von der Korpergrosse bei den Saugcticrcn. 
Arch. f. Anthrop., xxv, i-a8. 

1914. Die gesetzmassige Bezichuog von 
Gehirnmasse zu Rdrpergrossc bei den Wirbcl- 
ticren. Zeitschr. f. Morphoi. u. Anthrop., 
xviii, 3a3-35o. 

Duckworth, W. L. H. 1904. Desaiption of a foe- 
tus of Gorilla savagei. Studies from the Anthrop. 
Lab., Anatom. School, Cambridge, 11-18. 

Ecker, a. 1875. Eifligc Bemerkungen fiber cinen 
schwankenden Charakter in der Hand des 
Mcnschen. Arch. f. Anthrop., viii, 67-74. 

Elliot, D. G. 1913. A Review of the Primates. 
Monograph I, Amcr. Mus. of Nat. Hist., New 
York. 

Fadcon, A. 1897. Pcsecs ct mensurations foctales 
a differents ages dc la grossessc. Th6sc, Paris. 

Fere, C. 1900. Notes sur les mains ct Ics empreintes 
digitales de quelque singes. Journ. dc I’Anat. 
ct de la Physiol., xxxvi, 155-167. 

Fesser, V. 1873. Gewichts- und Langenver- 
haltnisse der mcnschlichen Fruchte in ver- 
schiedenen Schwangcnchaftsmonatcn. Diss., 
Breslau. 

Fischel, a. 1896. Ueber Variabilitat und Wachs- 
tum dcs cmbryonalen Korpers. Morph. Jahrb., 
xxiv, 369-404. 

Frederic, J. 1903. Untersuchungen fiber die Sinus- 

haarc der Affen Zeitschr. f. Morphoi. 

u. Anthrop., viii, 139-175. 

Friedbnthal, H. 1911. Datcn und Tabcllcn betref- 
fend die Gcwichtszunahme des Menschen und 
anderer Tierarten. Arbeitcn aus dem Gebiet d. 
experim. Physiol., Jena. 

1913. Papuafotus. Zeitschr. f. Ethnol., 
xlv, 613. 

1914. Allgemeine und spczielle Physio- 
logic dcs Menschen wachstums. Berlin. 

Funk, K. 1911. Ueber das absolute und relative 
Hirngcwicht bei Tieren. Diss., Wiirzburg. 

Gartner, R. 191a. Ueber das Wachstum der 
Ticre. Eine biologische Studie, unter besondcrer 
Bcrucksichtigung der Hausticrc. Landwirtsch. 
Jahrb., Ivii, 707-763. 

Gaupp, E. 1909. Die normalen Asymmetrien dcs 
mcnschlichen Korpers. Samml. Anatom, und 
Physiol- Vortrage, H. 4. Jena. 

Godin, P. 1903. Recherches anthropometriques 
sur la croissance des diverscs parties du corps. 
Paris. 

1910 (a). Les proportions du corps pendant 
la croissance. Bull, et M6m. dc la Soc. d’- 
Anthrop. dc Paris. 6^ s6r., i, 168-197. 



THE quarterly REVIEW OF BIOLOGY 


518 

CoDiN, P. 1910 (b). A propos d’ asymetrie auricu- 
laire. Bull, et Mem. de la Soc. d’Anthxup. de 
Paris. 6® ser., i, 154-156. 

Giiay, H. 1514. Anatomy of the Human Body, 
list edit, revised by W. H. Lewis. Philadelphia. 

GauNiNG, J. 1885. Ueber die Lange der Finger 
und Zchen bei einigen Volkerstammen. Arch, 
f. Anthrop., xvi, 511-518. 

Hamy, E. T. 1871. Recherches sur les proportions 
du bras et de Tavant-bras aux difF^rents iges de 
la vie. Bull, de la Soc. d’Anthrop. de Paris, 1® 
ser., vii, 495-513. 

. 1880. Taillc du foetus pendant la vie 

intra-ut6rinc. Progres medical, viii. No. 9. 
Paris. 

■ . 1881. Croissance intra-ut6rine du foetus de 

race blanche et de race noire. Comp. rend, des 
Sc6ances et Mem. de la Soc. Biol., 7® ser., ii, 
91-93. 

Harrison, J. P. i 884. On the relative length of the 
first three toes of the human foot. J. Anthrop. 
Instit., London, xiii, 158-169. 

Hartmann, R. 1880. Der Gorilla. Zoologisch- 
zootomische Untersuchungen. Leipzig. 

Hawkes, 0 , A. M. 1914. On the relative lengths 
of the first and second toes of the human foot, 
from the point of view of occurrence, anatomy 
and heredity. Journ. of Genetics, iii, 149-174. 

Hecker, C. 1866. Ueber das Gewicht des Foetus 
und seiner Anhange in den verschiedenen Mona- 
ten der Schwangerschaft. Monatsschr. f. 
Geburtsk., xxvii, 186-199, 

Henning. 1879. Die Wachstumsverhaltnisse der 
Frucht und ihrer wichtigsten Organe in den 
verschiedenen Monaten der Tragzeit. Arch. f. 
GynakoL, xiv, 314-318. 

Hill-Tout, C. 1911. The phylogeny of man from 
a new angle. Transact- Roy. Soc., Canada, xv. 
Sec. 1., 47-81. 

. 1914. New trends in anthropology. J. 

Sci. Transact., B. A. A. A. S., Toronto, 65-66. 

Houze, E. 1888. Recherches sur Tindice nasal. 
Bull. Soc. Anthrop., Bruxelles, vii, 177. 

Hrdlicka, a. 1900. Anthropological investiga- 
tions on one thousand white and colored children 
of both sexes. Anthrop. Rep. N. Y. Juv. 
Asylum. 

. 1905. Brain weights in vertebrates. 

Smithson. Misc. Coll., xlviii, 89-111. 

. 1915 (a). The Old Americans. Balti- 
more. 

. 1915 (b). Weight of the brain and of the 

internal organs in American monkeys. Amer. 
J. Phys. Anthrop., viii, loi-iii. 

Jackson, C. M. 1907. Is gravity the factor deter- 


mining the thoracic index? Zeitschr. f. Mor- 
phol. u. Anthrop., x, 140-149. 

— . 1909. On the prenatal growth 
human body and the relative growth o^'lhe 
various organs and parts. Amer. J. of Anatofiy, 
ix, 119-166. 

1914. Morris’s Human Anatomy. Phila- 
delphia. 

Johnston, H. 1904. The Uganda Protectorate, 
New York. 

Keibel, F. 1906. Die aussere Korperform und der 
Entwicklungsgrad der Organe bei Affenem- 
bryonen. Studien fiber Entwickl. u. Schadelbau; 
MenschenafFen. 9. Liefer,, Wiesbaden. 

. 1911. Modelle cines Menschenfetus und 

zweier AfFenfeten. Anatom. Anz., xxxviii, 15. 

Keith, A. 1903. The extent to which the posterior 
segments of the body have been transmuted and 
suppressed in the evolution of man and allied 
primates. J. of Anat. & Physiol., xxxvii, 18-40. 

King, H. D. 1913. The growth and variability in 
the body weight of the Norway rat. Anatom. 
Rec., XXV, 79-94. 

Kingsbury, B. F. 1914. The significance of the 
so-called law of cephalocaudal differential 
growth. Anatom. Rec., xxvii, 305-311. 

. 1916. On the so-called law of antero- 
posterior development. Anatom. Rec,, xxxiii, 
73-87. 

Klaatsch, H. 1913. The Evolution and Progress of 
Mankind. (Engl. Transl.) New York. 

Kollmann, j. 1891 (a). Beitrage zur Embryologie 
der Affen. Arch. f. Anatomic u. Physiol., 
Anatom. Abt., 137. 

Kollmann, J. 1891(b). AfFenembryonen aus 
Sumatra und Ceylon. Anatom. Anz., vii, 335. 

. 1905, Neue Gedanken iiber das alte Prob- 
lem von der Abstammung des Menschen. Corr. 
Bl. Gesell. f. Anthrop., Ethnol. u. Urgcsch., 
xxxvi, 9-10. 

Kud6, T. 1913, Ueber den Unterschied im Einge- 
weidesystem europaischer und japanischer Feten. 
(Kann eine Rasenembryologie bestehen.?). Mitt, 
d. xxxi. Kongr. d. japan, anatom. Gesell., 
Tokyo. 

LAPicquE, L. 1909. Lc poids de I’encdphalc dans 
les difFerents groupes d’oiseaux. Bull. Mus, 
d’Hist. Nat., Paris, No. 7, 408-411. 

Legou, E. 1903. Quclques considerations sur le 
devcloppement du foetus. Th^se, Paris. 

Leon, N. 1911. Cefalomctria fetal. Notas de 
antropometria obstetrica. Mexico. 

Levadoux, M. j. 1907, Varietes de I’ombilic et des 
scs annexes. Fac. de Med. et de Pharm. de 
Toulouse, No. 711. 



FETAL GROWTH OF MAN AND (M’HER PRIMATES 


519 


vij G. 132-5 • Waciistum und Korpergrosse. 
Die stnikturelle Gnmdlage der Korpergrosse 
vollausgebildeten und im Wachstum bcgrif- 
nen Tieren. Ergebn. d. Anat. u. Entwick- 
iUngsgesch.,, xxvi, 87-341. 
isEL, G. 1303. Croissance comparee en poids et 
en longeur des foetus male et femelle dans T 
especc humaine. C. R. Soc. dc Biol., Paris, 
1135. 

Lonnberg, E. 1317. Mammals collected in Central 
Africa by Captain E. Arrhenius. Kungl. Svenska 
Vetenskapsakadem. Handl., iviii, No. i. 

Mall, F. P. 1310. Determination of the age of 
human embryos and fetuses. Manual of Human 
Embryol. (Keibel and Mali), i, i8o-zoi. 

. 1518. On the age of human embryos. 

Amcr. J. of Anatomy, xxiii, 337-411. 

Mantegazza, P. 1877. Delia lunghezza relativa 
deir indice. Arch, per I’Antropol. 11. 

Martust, R. 1305. Die Iniandstammc der Malayi- 
schen Halbinsel. Jena. 

. 1514. Lehrbuch der Anthropologic in 

systcmatischcr Darstellung. Jena. 

Matiegka, H. 1853. Uebei Asymmetric der Ex- 
tremitaten, am osteologischcn Material gepruft. 
Pragcr mcd. Wochenschr., No. 47, 567-563. 

Maueel, E. 1888. Etude sur la longeur des deux 
premiers orteils dans les races mongoles. Bull. 
Soc. Anthrop., Paris, s6r., xi, 437. 

Mazzi, V. 1318. II cranio fetale ed il aanio adulto. 
Arch, per FAntropol. e la EtnoL, xlviii, 56-113. 

Mbhnert, E. 1836. Die individuellc Variation des 
Wirbclthicrcmbryo. Eine Zusammenstcllung. 
Morphol. Arbeitcn, v, 386-444. 

Mendes Correa, A. A. 1313. Sur Ics proportions 
des mcmbres chcz Ic foetus. Revue anthrop., 
xxix, 113-114. 

Meyer, A. W. 1314. Curves of prenatal growth 
and autocatalysis- Arch. f. Entwicklungs- 
mechanik d. Organismen, xl, 437-515. 

, 1315. Fields, graphs, and other data on 

fetal growth. Contribut. to EmbryoL, ii, 55- 
68. Carnegie Instit., Washington, Publ. No. 

Ill, 

Michaelis, P. 1306. Altersbestimmung mensch- 
licher Embryoncn und Foeten auf Grund von 
Messungen. Arch. f. GynakoL, Ixxviii, 167. 

Minot, C. S. 1831. Senescence and rejuvenation. 
Joum. of Physiol., xii, 37-153. 

Mollison, T. 1311. Die Korperproportionen der 
Primaten. Morphol- Jahrb., xlii, 73-304. 

Muller, C. 1506. Zur Entwicklung des mensch- 
lichen Brustkorbes. Morphol. Jahrb., xxxv, 
531-636. 

Naee, a. 1317. Die individuellc Entwicklung 


organischer Formen als Urkunde ihrer Stammes- 
geschichte (Kritische Betrachtungen fiber das 
sogenanntc “biogenetische Gnindgesetz”). 
Jena. 

Nishizuka, T. 1515. Beitrage zur Osteoiogic der 
Foten, Neugeborenen und Kinder nebst Erwach- 
senen (Japancr). Knochen der. Extremitaten 
samt Schuiter und Beckeo. Zeitschr. f. Mor- 
phol. u. Anthrop., xxv, 1-30. 

Noback, G. J, 1911. Simple methods of correlating 
crown-rump and crown-heel lengths of the human 
fetus. Anatom. Rcc., xxiii, 141-144. 

Pearson, K. 1300. Data for the problem of evolu- 
tion in man. III. On the magnitude of certain 
coefficients of correlation in man. Proceed. 
Roy. Soc., London, Ixvi, 13-31. 

Peter, K. 1310. Die Zweckmassigkcit in der 
Entwicklungsgeschichte. Berlin. 

Pfttzner, W. 1S93. Social-anthropologischc Stu- 
dien. I, Der Einfluss des Lebensaiters auf die 
anthropologischcn Charactere. Zeitschr. f. 
Morphol. u, Anthrop., i, 315-377. 

PocoCK, R. I. 1316. The external characters of the 
catarrhine monkeys and apes. Proceed. Zoolog. 
Soc., London, 1315, part IV, 1473-1573. 

Porter, W. T. 1834. The growth of St. Louis 
children. Transact., Acad. Sci., St. Louis, 
vi. No. 11. 

Preyer, W. 1885. Spcciellc Physiologic des Em- 
bryo. Leipzig. 

Reicher, M. 1313. The development of the growth 
and proportions of human fetuses. Arch. Nauk 
AntropoL, ii, No. 5 (in Polish with English 
abstract). 

. 1315. Croissance des membres de rhomme 

avant la naissance. Travaux dc la Soc. des 
Sciences mathem. et nat., ii (in Polish with 
French abstract). 

Retzids, G. 1304. Zur Kenntois der Entwicklung 
der Korperformen dcs Mcnschcn wahrend dcr 
fotalen Lebensstufen. Biolog. Untersuch., N. 
F„ xi, 33-76. 

Roberts, R. C. 1506- On the uniform lineal growth 
of the human foetus. The Lancet, clxx, i, 
135. 

Rodbs,C.B. 1306. The thoracic index in the negro. 
Zeitschr. f. Morphol. u. Anthrop., ix, 103-117. 

Rose, C. 1305. Beitrage zur curopHschen Rassen- 
kunde. Arch. f. Rassenbiol., H, 683-738. 

Rudinger. 1877. Vorlaufigc Mitteilungen uber 
die Unterschiede der Grosshirnwiodungen nach 
dem Geschlecht beim Fotus und Neugeborenen 
mit Beriicksichtigung der angeborenen Brachy- 
cephalie und Dolichocephalic. Beitrage z. 
Anthrop. u. Urgcsch. Bayerns, i, 186-307. 



THE QUARTERLY REVIEW OF BIOLOGY 


5ZO 


Sarasin, P., and P. Sarasin. 1832.-93. Die Weddas 
von Ceylon und die sie umgebenden Volkerschaf- 
ten. Wiesbaden. 

ScAMMON, R. E., and W. H. Rucker, 19x1. Changes 
in the form and dimensions of the chest at birth 
and in the neonatal period. Amer. J. of Diseases 
of Children, xxi, 551-564. 

ScAMMON, R. E. and L. A. Calkins. 1913. Simple 
empirical formulae for expressing the lineal 
growth of the human fetus. Proc. Soc. Exp. 
Biol, and Med., xx, 353-356. 

Schaeffer, O. 1893. Untersuchungen libcr die 
normalc Entwicklung dcr Dimensions-vcrhalt- 
nisse des fotalen Mcnschenschadels, mit bcson- 
dercr Beriicksichtigung des Schadelgrundes und 
seiner Gruben. Miinchcn. 

. 1896. Ucber die fotale Dolico- und Brachy- 

kephalie. Zeitschr. f. Gcburtsh. u. Gynakol., 

XXV, 19-59. 

ScHLAGiNHAUFEN, O. 1911. Die Kotpcrmassc und 
der ausserc Habitus cincs jungen wciblichcn 
Schimpanscn. Abhdl. u. Ber. d. K. Zoolog. u. 
Anthrop.-Ethnogr. Musetims, Dresden, xi, No. 4. 

Schultz, A. H. 1918. Relation of the external nose 
to the bony nose and nasal cartilages in whites 
and negroes. Amer. J. Phys. Anthrop., i, 319- 

338. 

, 1919, Changes in fetuses due to formalin 

preservation. Amer. J. Phys. Anthrop., ii, 35- 
41. 

. 1910. The development of the external 

nose in whites and negroes. Contribut. to 
Embryo!., ix, 173-190. Carnegie Instit. Wash- 
ington, Publ. No. 171. 

. 1911 (a). Sex incidence in abortions. 

Contribut. to Embryol., xii, 177-191. Carnegie 
Instit. Washington, Publ. No. 175. 

. 1911 (b). Fetuses of the Guiana Howling 

monkey. Zoologica, iii, 143-161. 

. 1911. Das fotale Wachstum des 

Mcnschcn. Verhdl. Schweizer. Naturforsch. 
Gesell., Bern, Part 1, 195-199. 

. 1913 (a). Comparison of white and negro 

fetuses. Eugenics in Race and State; Second 
Internat. Congr. of Eugenics, ii, plates ii and 11. 
Baltimore. 

. 1913 (b). Fetal growth in man. Amer. 

J. Phys, Anthrop., vi, 389-399. 

, 1914 (a). Observations on Colobus fetuses. 

Bull. Amer. Mus. Nat. Hist,, xlix, 443-457. 

. 1914 (b). Growth studies on primates 

bearing upon man’s evolution. Amer. J. Phys. 
Anthrop., vii, 149-164. 

. 1915 (a). Embryological evidence of the 

evolution of man. Journ. Washington Acad, 
of Sciences, xv, 147-163. 


Shultz, A. H. 1915 (b). Studies on the evolution of 
human teeth. Dental Cosmos, Ixvii, 935-947 
1053-1063. 

. 1916(a). Anthropological studies '/on 

Nicaraguan Indians. Amer. J. Phys. Anthr<^., 
ix, 65-80. 

. 1916 (b). Studies on the variability of 

platyrrhine monkeys. Amer. J. of Mammalogy, 
vii, (in press). 

. 1916 (c). Variations in man and their 

evolutionary significance. Amer. Naturalist, 

lx, 197-32-3* 

Schwalbe, G. 1899. Studien fiber Pithecanthropus 
crectus Dubois. Zeitschr. f. Morphol. u. 
Anthrop., i, 16-140. 

. 1911. Ucber die Richtung der Haare bei 

den Affenembryonen. Studien fiber Entwick- 
lungsgesch. d. Ticrc, H. 15. Menschenaffen, 
Wiesbaden. 

ScHWERz, F. 1910. Untersuchungen fiber das Wach- 
stum des Menschen. Arch. f. Anthrop., N. F., 
X, 1-38. 

Selenka, E. 1891. AfFen Ostindiens. Studien 
fiber Entwicklungsgesch. d. Tiere, H. 5. (plates 
36, 39, and 40). Wiesbaden. 

. 1899-1900. Entwicklung des Gibbon 

(Hylobates und Siamanga). Studien fiber Ent- 
wicklung u. Schadelbau. Liefer. 1 & 3. 

. 1903. Zur vergleichcnden Keimes- 

gcschichtc der Primaten. Studien fiber Ent- 
wicklung u. Schadelbau. Liefer. 5. 

Serrano. 1895. Tratado d’ostcologia humana. 
II. Lisboa. 

SoNNTAG, C. F. 1914. On the anatomy, phy- 
siology, and pathology of the orang-outan. 
Proceed, Zoolog. Soc., Loudon, Part II, 349-450. 

SouLARUB, G. M. 1899. Recherches sur les dimen- 
sions des os ct des proportions squeletiques de 
I’homme dans les dilFcrentes races. Bull. Soc. 
Anthrop., Paris, 4® s6r., x, 318-381. 

Stratz, C. H. 1909 (a). Wachstum und Propor- 
tionen des Fotus. Zeitschr. f. Gcburtsl. u. 
Gynakol., Ixv, 36. 

. 1909 (b). Wachstum und Proportionen 

des Menschen vor und nach der Geburt. Arch. f. 
Anthrop., N. F., viii, 187-197. 

Straus, W. L. Jr. 1917. The growth of the human 
foot and its evolutionary significance. Con- 
tribut. to Embryol., Carnegie Instit. Washing- 
ton, Publ. (in press). 

Streeter, G. L. 1910. Weight, sitting height, . 
head size, foot length, and menstrual age of the 
human embryo, Contribut. to Embryol., xi, 
143-170. Carnegie Instit. Washington, Publ. 
No. 174. 



FETAL GROWTH OF MAN AND OTHER PRIMATES 


Todd, T. W. 1912.. The descent of the shoulder 
jftcr birth. Its significance in the production 
)f pressure symptoms on the lowest brachial 
,runk. Anatom. Anz,, xli, 385-397. 

— . 1915. The reliability of measurements 
based upon subcutaneous bony points. Amer, 
J. Phys. Anthrop., viii, 175-179. 

Toldt, C. 1879. Altcrsbestimmungen menschlicher 
Embryonen. Prager mediz. Wochenschr. 

1903. Ueber die aussere Korperform zweier 
verschieden grosser Embryonen von Macacus 
cynomolgus L. Arch. f. Anthrop., xxviii, 177- 
187. 

Trinchese, S. 1870. Descrizionc di un feto di 
Orang-Utan. Annali del Museo civico di storia 
naturale di Genova, i, 9-46. 

Tschepourkovsky, E. 1911. Anthropologischc 
Studicn. Arch. f. Anthrop., N. F., x, 151-186. 

Tschulok, S. 1911. Deszendenzlehre. Ein Lehr- 
buch auf historisch-kritischer Grundlage. Jena. 

Tuttle, L. 1908, The relation between weight and 
age in the fetus. J. Amer. Med. Assoc., li, 919. 

k^ERNON, H. M. 1903. Variation in Animals and 
Plants. Internat. Scient. Scr., Ixxxviii, London. 

{Veber,M. 1896. Vorstudicn liber das Hirngewicht 
dcr Saugetiere. Festschr. f. C. Gegenbaur, iii, 
Leipzig. 

Veissenberg, S. 1895. Ueber die Formen der Hand 
und des Fusses. Zeitschr. f. Ethnologie, xxvii, 
81-111. 

. 1911. Das Wachstum des Menschen nach 

Alter, Geschlecht und Rasse. Studicn u. 


. z. Menschen- u. Volkcrk., viii. Stutt- 
gart. 

Welcker, H. 1861. Untersuchungen fiber Wachs- 
thum und Bau des mcnschlichen Schadcls. ist 
part. Leipzig. 

Wiedersheim, R. 1901. Beitragc zur Kenntnis dcr 
ausseren Nasc von Scmnopithecus nasicus. 
Zeitschr. f. Morphol. u. Anthrop., viii, 300-350. 

. 1908. Dcr Bau des Menschen ais Zeugnis 

fur seine Vergangenheit. Tubingen. 

Wole, J. 1915 . Ein Bcitrag zur Lagc- und Forment- 
wicklung des cmbryonalen mcnschlichen Schul- 
terblattcs. Zeitschr. f. Anat. u. Entwicklungs- 
gesch. Ixxvii, 145-148. 

Woodbury, R. M. 1911. Statures and weights of 
children under six years of age. U. S. Dep. of 
labor, Children’s Bureau, Publ- No. 87. Wash- 
ington. 

Wood Jones, F. i92jd. The Principles of Anatomy 
as Seen in the Hand. London. 

WoROBjEw, W. W. 1901. Das aussere Ohr des 
Menschen. Arb. d. anthrop. Abteil. d. K. 
Gcsell. d. Freunde d. Naturwiss., Anthrop. u. 
Ethnol., Moskau, xx (Russian). Abstract in 
Arch, f, Anthrop., xxviii, 388. 

Zangemeister, W. 1911. Die Altersbestimmung des 
Foetus nach graphischer Methode. Zeitschr. f. 
Geburtsch. u. Gynakol., Ixix, 117-141, 

Zeising, a. 1854. Ueber die Metamorphosen in 
den Vcrhaltnissen der mcnschlichen Gestalt von 
der Geburt bis zur Vollendung des Langcn- 
wachstums. Abhandl. d. Bonner Akad., xxvi. 




THE BIOLOGY OF THE TERMITE CASTES 


By THOMAS ELLIOTT SNYDER 
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I. INTRODUCTION 

T AE question of polymorphism 
or the evolution of the castes 
of the social insects such as 
bees, ants and termites or 
“white ants” has ever been a troublesome 
stumbling block to the exponents of the 
various theories of the evolution of 
species. Charles Darwin frankly admits 
in his “Origin of Species” that the ques- 
tion as to how the characters of the sterile 
workers and soldiers secure representation 
in the germ cells of the species cannot be 
satisfactorily explained by the theory 
which he advocated. There is no doubt 
but that if the phylogenetic mode of origin 
of these castes in termites could be deter- 
mined, this would have a most important 
bearing on the theories of evolution. 

Several methods of attacking the prob- 
lem may be presented, such as, (i) by the 
study of fossil insects from the Eocene, 
where termites first appeared, up to the 
present time, the Pleistocene; or (i) by 
taxonomic and morphological studies of 
termites and their phylogeny; or (3) 
by biological breeding experiments to 
determine the type of progeny developing 
from the various types of reproductive 
forms within the species, from inter- 
breeding these, and from hybridization. 

In undertaking this important problem, 
involving fundamental biological laws of 
broad application the aid of many biol- 
ogists must be enlisted; the subject is too 
comprehensive for the present small group 
of enthusiastic students, who are, how- 


ever, doing all that it is possible for them 
to do. 

The gross anatomy of the digestive 
systems of termites containing symbiotic 
intestinal protozoa (Mastotermitidae, 
Kalotermitidae and Rhinotermitidae) 
should be compared with termites nor- 
mally without such intestinal protozoa 
(Termitidae). More thorough studies 
should be made of the remarkable post- 
adult growth and metabolism of the 
physogastric queens. But little is known 
of the glandular (both salivary and 
exudatory), muscular, reproductive and 
respiratory systems or of the morphology 
and operation of the sense organs, and 
studies of them should yield important 
data relating to the biology of termites. 
Additional histological studies, such as 
those made of the brains, eyes and sex 
organs in 1316 by the late Dr. C. B. 
Thompson of Wellesley College, are 
needed. 

In cytology, further studies of the 
chromosomes, such as made by Dr. Alice 
Boring of Wellesley College, and of the 
germ cells are necessary before any positive 
results can be obtained in the genetics of 
termites. Cytological studies of the eggs 
in connection with experimentation arc 
needed in all social insects with caste 
systems. Studies in embryology and 
physiology are necessary, as well as of the 
special foods leading to post-adult growth 
or physogastry of the termites and of some 
of their insect guests or “inquilincs.” 

The genetics of termites and the study 
of termite breeding offer a field of special 
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interest and importance since principles 
broad application are involved. 

^havior, biology, ecology, and geo- 
^itaphical distribution and relationships 
studied in connection with intestinal 
protozoa should yield important results. 
No careful studies have been made of the 
ontogeny of the castes, as to the exact 
numbers of eedyses or molts of the nymph 
to adult, and the external and internal 
metabolic changes incident to each instar; 
nor of the manner of colonization by the 
different' reproductive forms. 

Historical surveys of the work that has 
already been done in this group may be 
found in several of the papers listed among 
the references. The late Dr. B, Grass! 
of Italy was one of the pioneers in the 
study of both termites and their intestinal 
protozoa, although the writer cannot 
agree with many of his conclusions. 

II. TERMITES OR WHITE ANTS 

Termites live pennanently together in 
more or less fixed, organized communities 
or large colonies, as do the other “social 
insects,” such as ants, bees and wasps. 
Soldiers and workers are included in the 
parent colony, in addition to the sexual 
adults and young; that is, there is a caste 
system, with a more or less closely ad- 
hered-to division of labor in the termite 
community; eveiy effort is for the com- 
mon benefit of all castes. 

While grouped with the social insects, 
termites are systematically classified in a 
lower or more primitive order; there are 
also marked differences in the biology of 
termites from that of the other social 
insects. 

Termites or “white ants” constitute the 
separate order Isoptera, of which there 
are four families, containing approxi- 
mately one hundred and forty-two genera 
or subgenera and in round numbers about 
1,500 known or described species. These 


insects occur in all the warmer regions 
of the world, but reach their greatest 
numbers and the height of their develop- 
ment in the tropics. In the United States 
4T species of termites occur, representing 
II genera or subgenera and the three 
families, Kalotermitidae, Rhlnotermitidae 
and Termitidae. 

Termites are insects of great economic 
importance, since the principal food of 
some of the castes of all termites is cel- 
lulose. In obtaining this cellulose in its 
varied forms they directly injure and 
destroy both living vegetation, crops, 
and buildings as well as material stored 
therein. Termites are among the few 
forest insects that are able to live in and 
on both decayed and living plant tissue. 
Often material is also indirectly damaged 
when it lies in the path of termites as they 
search for food. Termites do millions of 
dollars worth of damage annually; such 
losses occur in both the tropics and in the 
temperate regions of the world. 

While not dominant insects like the 
ants which over-nm the tropics, termites 
by their hidden or subterranean activities 
silently, secretly and ceaselessly work 
their insidious damage and are able to 
under-run some tropical countries. A rec- 
ognition of the powers for destruction or 
aggressiveness of tropical termites may 
be seen in such specific names as atrox, 
hellicosus, destructor, devastans, dints, fatale, 
fatalis, ferox, 7 mUtaris, molestus, mordax, 
■pugnax, etc. 

It is especially fortunate that many 
termite species and genera have received 
good descriptive names, based on char- 
acteristics or habits; i.e., ''flavipes’ (yel- 
low legs), 'ducifiigusf' (Hgfi-t shunning), 
^^perarmatus'' (thoroughly armed), etc. 
^'Kalotermes" (beautiful termites) is an 
especially suitable name for a genus rich 
in beautiful and striking species. “White 
ants,” “wood lice,” “comegen,” and 
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“cupim” (America), “weisse 
and “fourmis blanches” (Europe), and 
“anay” in the Philippines are some of the 
vernacular names (see Hagen, 1855). 

Unlike beetles and butterflies, termites 
are not in general beautiful, and when 
preserved do not make such a gorgeous dis- 
play and do not attract amateur collectors. 
Furthermore, unlike the true ants, they 
are soft-bodied and very fragile when dry, 
hence pinned specimens are liable to be- 
come shrunken and broken. 
Nevertheless, while these 
insects do not attract the 
attention of general collec- 
tors, the study of termites 
as social insects is fascinat- 
ing. There are many un- 
solved problems in their 
biology and ecology that 
are of great general interest; 
moreover, studies of ter- 
mites can be conducted in 
this country, as well as in 
the tropics. 



Fig. I. Macrop- 
iJEROus, Winged, 
Sexual Adult of 
Kiticulitermes vir - 
^iniciis Banks 
(Family Rhino- 
term it idae ) 
—One of the 

S UBTERRaNEAN 

Termites of 
Southeastern 
L'Nited States. 


III. THE TERMITE CASTES 

Termites are among those 
insects in which the meta- 
morphosis is incomplete; 
there is a direct develop- 
ment from egg, to nymph to 
adult; termites are always 
superficially “ant-like” in 
form. No long resting or 
pupal stage occurs as among insects with 
a complete metamorphosis; however, 
quiescent molting stages of relatively 
short duration occur at each eedysis. 
Being in the group of the social insects, 
there are various different forms or castes 


within the same species. 

In addition to the sexual, winged 
(macropterous), colonizing, reproductive 
adults (fig. i), and its dealated form, there 
are brachypterous and apterous repro- 


ductive adults (fig. 1) of both sexes anc 
also a series of “intermediate” form' 
ranging from macropterous to aptSc 
adults. Sterile as well as sexual forfl^s 
exist, and are called w^orkers and soldiers 
(fig. 3); each caste consists of individuals 
of both sexes, but the workers and sol- 
diers normally possess non-functional sex 
organs; there may be two different types 
of workers and three different types of 
soldiers of the same species of termite. 
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Fig. 1. Egg Laying, Post Adult Females or Queens 
OF THE Most Common, Subterranean Termite 
OF Eastern United States, Ketimlitemes fiavips 
Kollar. 

(^) Queen with wing stubs (dealated) developed 
from the macropterous colonizing form; (1^) brachyp- 
terous form; (e) apterous form; these queens have 
corresponding males and the types interbreed in 
nature. 

The evolution and biology of these 
castes among termites have always been 
problems of great general interest to 
biologists. There are two views as to the 
origin of the castes, both based on ob- 
servation and experiment. According to 
the first view, held by Grassi (1893) and 
later by Jucci (1910 and 19x4), the young 
are all alike and undifferentiated at the 
time of hatching, but differentiate into 
the various adult castes through the 
influence of external factors of the im- 
mediate environment such as food, or 
because of castration by intestinal proto- 
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2oan parasites, or as a result of the care 
received from the workers, etc. 

Adherents to the second view, are the 
late Dr. C. B. Thompson of Wellesley 
College (1917-1911), Dr. T. E. Snyder 
(1913-1916), the distinguished Swiss 
entomologist Dr. E. Bugnion, the noted 
British entomologist Dr. A. D. Im.ms, 
as well as many others; they claim that 
the young are all alike at the time of 


soldiers from the eggs were erroneous, but 
other data presented by him confinn the 
ontogenetic origin of the termite castes. 

It is believed by the writer that the 
histological studies conducted by Miss 
Thompson have proved that the ontoge- 
netic origin of the termite castes is due to 
intrinsic causes of germinal origin and mt^ 
to extrinsic stimuli which for manv vears 
have been credited with formative- 



F,o. 3. W Workers r™ (i) Soldiers op Kollrr; the Common Subterr.nern Term:- 

OF TEE tAVtrLT RhINOTERMIXIDAE OF EaSTERN UnITED SiaTES 


hatching, but the castes are hereditary. 
Some, if not all, of the different castes are 
distinguishable from the beginning and 
the castes are therefore predetermined in 
the egg or embryo by intrinsic factors. 

Bugnion (1913-1910) was the first 
modern biologist to present evidence that 
the castes of termites are determined in 
the egg. His observations on the hatch- 
ing of externally, maturely developed 


indeed almost creative— powers. Which 
of these views is correct? Or are they 
both in part true? 

The fertile and sterile types even as 
nymphs are internally differentiated at 
the time of hatching, and very early in 
their postembryonic development all of 
the adult castes may be distinguished. 
These facts disprove the older hypothesis 
that castes may be determined or changed 
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by external means. A natural explanatfon 
is that the castes have originated by 
segregation from a heterozygous parent 
form. Preliminary studies by Boring 
reveal no visible differences in the chromo- 
somes of the various castes. 

In collecting termites for study, every 
effort has been made to obtain as many of 
the forms or castes as possible; specific 
descriptions and identifications are based 
either on the winged or soldier caste, and 
it is essential to obtain winged adults or 
soldiers. However, some specific as well 
as family and generic characters occur in 
the worker caste in certain genera; the 
w'orker caste should receive further study. 
Species in most genera in the family 
Kalotermitidae have no worker’ caste, 
the duties of the workers being per- 
foniied by the young or nymphs, whereas 
in the genus AnolloUfm&s Fritz Muller 
in the family Termitidae, the soldier 
caste is lacking. It is necessary to collect 
the winged forms or the queens in order to 
make specific identifications in the genus 
Anoplotermes . 

IV- THE TAXONOMY OR CLASSIFICATION OF 
TERMITES 

The most complete and satisfactory 
classification of termites, based on world 
collections, is that of the distinguished 
Swedish entomologist Holmgren (1909- 
1913); this most nearly approaches a 
natural system. While this classification 
is accepted in general by American workers 
in this group, certain minor phases are 
rejected, and others are temporarily ac- 
cepted with reservation, as for instance, 
the validity of certain subgenera, espe- 
cially of Kalotermes and Nasutitermes. 

According to Holmgren, there are in the 
order Isoptera four families, ranging in 
degrees of specialization from the Masto- 
termitidae and Kalotermitidae through the 
Rhinotermitidae to the most highly 
specialized family the Termitidae. 


Winged adults of the living species of 
the Mastotermitidae (there being one 
living and four fossil species) have large 
anal and postanal fields in the hind wings, 
the humeral suture or point of breakage 
is absent in the hind wing, the fore-wing 
scale is large; there are 5 tarsal joints; 
the fontanelie is absent; ocelli are present; 
the pulvillus between the apical claws on 
the tarsi of the legs is present; the pro- 
notum is flat. Both soldiers and workers 
are present. Macropterous and apterous 
reproductive forms occur in colonies. 

In the winged adults of the species of 
the Kalotermitidae, the postanal field 
and enlarged anal fields are lacking in the 
hind wing, but in this wing there are 
sometimes rudimentary anal branches, 
the humeral suture is incomplete (as in 
Termopsis) or complete, the fore-wing 
scale is large (small in Hodotemes), the 
wings are usually reticulated; 5 to 4 tarsal 
joints; fontanelie absent; ocelli present 
(or absent in Avchotsrmopsis, Termopsis, 
Hodofermes and Porotemes — “false ocelli” 
occur in Hodotermes); pulvillus usually 
present (normally absent in Hodotsnnes 
and Porotermes'). Soldiers are present, but 
workers are absent, except in Hodotermes. 
Macropterous, brachypterous, and apterous 
reproductive forms occur, the prevalence 
of a certain type varying with the genus. 

Holmgren has established the four sub- 
families Termopsiiiae (Archotermopsisy 
Hodotermopsis and Termopsis'), Hodoter- 
mitinae (Hodotermes, Macrohodotermss and 
Anacanthotermes) , Stolotermitinae (Stolo- 
termss), and Kalotermitinae (Porotermes and 
Kalotermes l.s.). 

The genus Termopsis in the subfamily 
Termopsinae is more primitive than the 
genus Kalotermes of the family Kalotermiti- 
dae, because the contained species are not 
so well defined in Termopsis as in Kalotermes 
of the subfamily Kalotermitinae. In the 
latter genus, some species are very distinct 
and the species are more numerous than in 
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Termopsis, In species of Kalotermes there 
reduction in the number of antennal 
, However, ocelli are present in 

Kalonm^^^ but absent in Archotermopsis^ 
Temopsis axid Porofermes. The presence of 
ocelli is a primitive character. Workers 
are absent in Archotermopsis and Termopsis. 

In the subfamily Hodotermitinae, spe- 
cies in the genus Hodotermes (l.s.) are grass 
or leaf-cutting termites and in their struc- 
ture and pigmentation, they also show 
considerable progressive development; 
ocelli are absent but “false ocelli” are 
present. While they nest in subterranean 
cavities and galleries, they are termed 
“wander-termites,” since both the work- 
ers and soldiers of some of the species are 
darkly pigmented, have faceted eyes and 
long legs, and forage above the ground 
during the day exposed to the sunlight, 
as do some of the more highly specialized 
Tcrmitidae. In the subgenus Macrohodo- 
termes, soldiers are never (or seldom) seen 
outside of their burrows during the day. 
In Hodotermes (l.s.) the pronotum is sellate 
or saddle-shaped — a specialized progres- 
sive character. There are no secondary 
sexual characters to be seen in the apex 
of the abdomen; both sexes possess styli. 
In Macrohodotermes, however, abdominal 
styli are atrophied or missing, indicating 
a progressive reduction. 

The presence of this highly specialized 
worker caste gives some credence to the 
view that Hodotermes might be classified in 
a distinct family the Hodotermitidae, 
possibly related to the iatermediate Rhino- 
termitidae; ocelli are sometimes lacking in 
species of Leucotermes in the latter family. 
Furthermore, in the genus Serritermes in 
the Rhinotermitidae, there is also a highly 
specialized worker caste and these termites 
are foraging in habit. Preliminary stud- 
ies of intestinal protozoa by Dr. Harold 
Kirby, Jr., of Yale' University rather in- 
dicate such a relationship between Hodo- 


tern^es and the Rhinotermitidae. How- 
ever, all phases of the subject should be 
much more thoroughly studied before any 
such radical change could be accepted. 

In the primitive genus Kalotermes of the 
subfamily Kalotermitlnae, now classified 
as closely related to the genera Temopsis 
and Hodotermes, ocelli are prpsftaf-p^ 
primitive character; there is also color 
in the reduced eyes in the soldier in some 
species. Hagen in 1858 considered Kalo- 
termes to be the most primitive genus 
known. The pronotum is arched and of 
the blattid type (Fuller, 1924). No 
worker occurs in any of the species in this 
subfamily. 

In Porotemes, however, in the same sub- 
family with Kalotermes, ocelli are absent. 
Porotermes was formerly considered to be 
a subgenus of Hodotermes, since the sub- 
costal vein in the wing is absent or rudi- 
mentary. According to Kirby, the in- 
testinal protozoa of Porotermes appear to be 
related to those of Hodotermes and the 
Rhinotermitidae as well as to the flagel- 
lates of Kalotermes. 

In the intermediate family Rhinoter- 
mitidae, the fontanelle, with few excep- 
tions, is present in glandular form; the 
fore-wing scale is large (except in Psam- 
motermes'), the wings are usually reticulate, 
the reticulation of the wing membrane 
becomes rudimentary and almost dis- 
appears in the higher subfamilies; the 
pulvillus is absent. The pronotum is 
subcordate to slightly saddle-shaped. In 
Serritermes both thcsoldicTs and workers are 
highly specialized as “wander” termites. 
Macropterous, brachypterous and apter- 
ous reproductive adults occur in colonies; 
both of the latter forms are common, but 
brachypterous adults have become the 
more highly specialized. 

Six subfamilies of the family Rhinoter- 
mitidae have been established by 
Holmgren. 
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The most highly specialized termites^re 
in the family Termitidae; the fontanelle 
always has a platedike structure; the fore- 
wing scale is small; the wings are not 
strongly reticulate; the pul villus is absent. 
Workers and soldier are present, except 
in Anoplotemes where the soldier is lack- 
Tri£gw='Thc pronotum is sellate, and special- 
ized thoracic spines occur on both the 
soldiers and workers of certain “wander” 
termites (Synfemes and AcanthoUrmes), 
Macropterous and brachypterous repro- 
ductive adults occur, but the apterous form 
is apparently lacking or, if it occurs, is 
very rare; its disappearance is a progressive 
development from the lower termites. 

Holmgren has established four sub- 
families in the family Termitidae. The 
Termitinae (including the Termes or 
fungus-growing group); the Syntemes 
group, which includes foraging and har- 
vesting termites (in Syntemes and SpecuU- 
f ernes'); Amitermes (including the Aus- 
tralian termite with “compass” mound 
nests); and the Miro-Capritennes group; in 
the latter group are those termites whose 
soldiers have asymmetrical, non-biting 
mandibles. The Microcerotermitinae, 
Pscudomicrotermitinae and Foraminiter- 
mitinae are the other subfamilies. 

V. the phylogeny op termites as evi- 
denced BY PALEONTOLOGY, TAX- 
ONOMY AND BIOLOGY 

Although termites have a close sys- 
tematic relationship with the roaches or 
Blattidae, they are much younger geo- 
logically, and therefore more recently 
evolved. No fossil termites are known 
from the Mesozoic Age, but termites may 
have existed in the Cretaceous period; they 
occur in all deposits from the Lower 
Tertiary on. 

As Holmgren concludes, both termites 
and roaches are probably offshoots of a 
more primitive group. None of the fossil 


termites are more generalized or more 
primitive than living termites. Inde^ 
a living species of the genus 
Froggatt of Australia is the most^primitive 
(Froggatt, 1895-13x3); this termite has a 
wing structure similar to the roaches, 
remarkably developed reproductive organs 
in the female, and recently (19x5) Hill has 
discovered that the egg mass is similar 
to the ootheca of the roaches indicating 
at least common ancestry. However, 
three species described as Mastotermes by 
Von Rosen (1913) have also been found as 
fossils in the Tertiaries of Great Britain 
and one in Croatia. Nevertheless, in pre- 
historic times there was naturally a 
greater prevalence of primitive termites 
than at present. 

The wings of the large and most primi- 
tive living termite, Mastotermes darwinien- 
sis Froggatt in the family Mastoter- 
mitidae, the lowest termites, have a large 
anal field, as in roaches. This most primi- 
tive termite (in the lowest family) has 
a soldier much more specialized than 
would be expected; this soldier and the 
worker of the same species were errone- 
ously described by Froggatt, after he had 
already described the winged adult, as 
Termes errabundus and placed in the family 
Termitidae, which contains the highest 
termites. Even in this primitive species 
the worker caste is present, although 
this caste is usually lacking in the next 
higher family, the Kalotermitidae. 

According to Caudell (Snyder, 19x4), in 
the wings of certain roaches a break often 
occurs following in general the anal 
sulcus at the base resembling the humeral 
suture of termites, where the wing breaks 
off after flight; in primitive termites this 
suture is also often poorly defined. In 
the biology of termites and roaches there 
are other similarities based on homologous 
structures, but termites have become more 
highly specialized and have become social 
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in habit, with a well-developed caste 
^^ystem. Even the most primitive termite 
darwiniensis is a very destruc- 
tive wo2ds borer, with diffused nests con- 
taining largs numbers of individuals. 

Roaches seldom are found boring in 
sound wood; the logs that they inhabit are 
usually decayed, and they utilize the bur- 
rows of wood-boring insects, or live under 
the logs, or between the bark and wood. 
However, a large, brown, wingless roach 
(Crypocercus pnctulatus Scudder) lives by 
burrowing in fairly solid wood in partly 
decayed chestnut and coniferous (pine 
and fir) logs in the Appalachian Moun- 
tain region and on the Pacific Coast. 

According to Kirby, domesticated 
roaches contain the only Hypcrmastigate 
flagellate not found in termites, a flagellate 
related to those of some of the Kaloter- 
mitinae. It would be extremely interest- 
ing to study the protozoa of the roach 
Crypocercus from its native habitat, since 
this insect apparently eats the wood 
through which it burrows. The wood 
may be so decayed, however as to be 
broken down already by wood-destroying 
fungi. 

Some of the primitive termites (Archoter- 
mopsis and Termopsis') normally inhabit 
the wood of conifers but not that of 
Angiosperms, which are geologically more 
recent plants. This, however, may be 
due to the fact that the common habitat 
of these termites and conifers is in a colder 
climate than is usual for most termites, 
although these termites are among the 
oldest (geologically) that have been 
found as fossils. 

The young or nymphs of certain species 
of Fialotermes, Frorhinotermes and Coptotermes, 
'possess wing pads on the pronotum; 
these later disappear in the development 
of the nymph to the adult. The appear- 
ance of transitory, vestigial wings so 
early in the ontogeny of termites is an- 


oth^ indication of the recapitulation of 
the phylogeny of termites, since (Imms, 
1919 and Fuller, 1914) similar alar struc- 
tures also appear on fossil orthopterous 
insects (Carboniferous). Both the Isop- 
tera and Orthoptera were derived from a 
common ancestor. 

Species of Zorotypus of the sou thern 
United States in the order Zoraptera 
Silvestri arc gregarious and have both 
apterous and winged reproductive forms as 
in the most primitive termite (Masto- 
termesy, the latter forms lose their wings 
after flight in a manner similar to that in 
the lower termites, the point of breakage 
being poorly defined; there is also a 
tendency to variation in wing venation 
among individuals as in termites; the 
reproductive organs are well-developed. 
No worker or soldier castes exist in Zoro- 
typus, but it is believed by the writer that 
these insects are closely related to termites 
and that Zorotypus is at the dawn of social 
life. The habitats of these insects arc in 
situations similar to those where termites 
live and they superficially resemble young 
termites, but move much more rapidly. 
It is not known whether intestinal proto- 
zoa occur in species of Zorotypus, 

As Crampton has shown (19x0), in 
Mastotermes there is a remarkable develop- 
ment in the alate female of a fully formed 
ovipositor. The external genitalia arc 
unlike those of any other termites (where 
they are reduced) resembling in general 
the arrangement in the roaches. This is 
an indication that the primitive termite 
Mastotermes is most nearly related to 
ancestors non-social in habit. 

VI. THE PHYLOGENY OE THE TERMITE CASTES^ 
AS EVIDENCED IN THEIR 
ONTOGENY 

While there are no authentic paleonto- 
logical records of termites before the 
Tertiary, Wheeler has stated (192.3) that 
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“in all probability the termites, lik^ the 
ants, reached their complete structural 
and social development in the late Creta- 
ceous or early Tertiary and have since 
undergone very little modification/’ 

It is believed that the ancestral termite, 
like the ancestral roach, consisted of 
mere ly winged males and females. The 
only fossil forms of the most primitive 
termites found have been winged. The 
prototype of both termites and roaches was 
also probably winged, although insects 
originated from a worm-like ancestor. 

The records written by fossil termites 
are at best very imperfect. While it has 
not been proved that wingless termite 
castes occurred in the Tertiary period, 
they doubtless occurred and were probably 
evolved during the late Cretaceous period. 
Polymorphism among the social insects 
may not have been as highly developed as 
at present, especially in the case of the 
reproductive forms, but it can not be 
stated that the sterile castes and colony or 
social habits developed since Tertiary 
times because of lack of fossil forms. 
Due to their habits, such sterile forms 
would be less likely to be preserved as 
fossils. Both mandibulate soldiers and 
nasuti in clearly differentiated fossil form 
have been found embedded in gum copal 
from the Pleistocene period of compara- 
tively recent formation. 

It does not seem probable that the 
elaborate polymorphism that occurs today 
existed among the reproductive castes in 
termites during the Tertiary period; it is 
believed that a greater polymorphism 
probably has come about since the 
Tertiary. 

At least two other dissimilar or distinct, 
sexual, colonizing adults, as well as a 
series of intermediate forms have evolved 
from the original macropterous or winged 
form. Both brachypterous and apterous 
reproductive adults occur in some of the 


most primitive or lowest living termites., 
Apterous forms are common in Mas^/ 
femes i Termopis, Hodotermes, and m^ 
in Kalotemes^ as well as comipon in th6 
next higher termites, the Rhinotermitidae; 
however, brachypterous reproductive 
adults do not occur in Mastotermes, 

Fuller of South Africa has sent to the 
writer specimens of a yellowish, apterous 
caste, larger than the worker that is found 
with species of Macrohodotemes Fuller; 
this caste has black pigmented eyes and 
may be a third form (apterous) reproduc- 
tive adult. Also an apterous queen of 
Kodotermes (Anacanthotemes') ahngenanus 
Jacobs, of Turkestan is figured by Vasiljev 
(Revue Russe d’ Entomologie XI, 1911, 
pp. 2.35-2.45); the color of the head of this 
apterous form is brown and the eyes are 
black-brown. 

Brachypterous reproductive forms while 
absent in Mastotermes are common in 
Temopsis^ but are rare in KaloUmes, 
again becoming common in many of the 
Rhinotermitidae. 

Among the highest termites (Termi- 
tidae), while brachypterous adults com- 
monly occur (in Amifemes, Nasufifemes 
and MkrocerofemesX apterous forms are 
apparently lacking. 

These three reproductive adults develop 
from nymphal prototypes similar to the 
adult (unlike in the case of the soldier 
caste). Presumably, a direct develop- 
ment is also the case in the “intermediate” 
reproductive forms. 

While both the worker and soldier 
castes occur in the most primitive ter- 
mites (Mastotemes and Hodofemes), the 
worker is absent in other primitive groups 
(Afchotemopsis, Temopsis, Kalotemes and 
Porofemes) but occurs in all the inter- 
mediate and in the highest termites. 
Hence, there is some doubt as to the evolu- 
tion of the worker and soldier castes and 
as to which was derived first. 
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Fuller believes that the highly 

st3eciali2cd worker caste present in Hodo- 
;^i^5^has been lost in Termo-pszs and 
lial^oUrmi- S.S the soldier has been lost in 
Anoplof ernes, one of the higher termites. 

Soldiers of primitive termites are of 
only one type (are monomorphic); in the 
intermediate termites they become im- 
pressively dimorphic; and in the higher 
termites trimorphic; but among the most 
specialized termites they again become 
monomorphic. 

Among some of the species of Termopsis 
and Kahtermes, a small proportion of the 
soldiers in the colonies are commonly 
found to have wing pads or vestigial 
wings. Indeed, in a very primitive and 
the largest known species of Kahtermes, 
namely, JC. occidentis, described in 1853 
from the soldier caste by Walker from the 
West Coast of Central America, and also 
occurring in Arizona and Lower Califor- 
nia, every specimen of soldier which has 
been found in the colonies has vestiges 
of wings or rudimentary wing pads. It is 
believed that this is a primitive or ances- 
tral character; or a reversion to the condi- 
tion when all the present “social insects” 
were merely male and female winged forms 
with no sterile worker or soldier castes. 

Holmgren established a new subgenus 
(Pterotermes') for this termite (occidentis'), 
which is merely a primitive Kahtermes, 
The reduced eye spots of the soldier have 
a black color, as is the case in several 
other species of Kahtermes; the eyes are 
not, however, to be compared with the 
well developed pigmented eyes of the 
soldier of Hodotermes, Winged adults of 
K, occidentis recently have been found 
and described by Banks (1910). 

» No workers with wing pads ever have 
been found among any of the termites. 
Furthermore, in some primitive termites 
(Archotermopsis and Termopsis) there are 
indications that female soldiers are fertile 


anda^ble to lay eggs, a reversion to the 
ancestral state when only male and female 
adults were present. In these two genera 
there are also external secondary sex 
characters in the soldier caste. Although 
there is an “ergatoid” or worker-like, 
apterous reproductive form in termite 
colonies, no potential or egg-laying -work- 
ers ever have been found. 

Does the ontogeny of the soldier caste, 
which develops from a very different, 
worker-like prototype, recapitulate the 
phylogeny of the soldier caste, or did the 
worker caste evolve from the soldier? 
This latter view of the derivation of the 
worker caste was first advocated as a 
theory by Emerson of the University of 
Pittsburgh, and was based on studies of 
the ontogeny of the soldier in a Con- 
strictotermes . 

Genetic formulae for termites would 
show that the broods differ not only with 
the age of the colony but also with the 
genus and species. Of the first brood in 
young colonies of species of ReticuUtermes 
(of the intermediate family Rhinotermi- 
tidae) in the United States (a genus where 
both soldiers and workers occur) most are 
workers and a few soldiers, but there are 
no sexual forms. This is exactly the re- 
verse of what is believed to be the phylog- 
eny of the termite castes. The first brood 
of the species of Termopsis of the lower 
family Kalotermitidae consists of nymphs 
of the sexual forms and of soldiers — a 
more proper representation of the phylog- 
eny of the castes. 

A comparison may be made of the phy- 
logeny of the fertile and sterile termite 
castes, as evidenced in their ontogeny, 
with the phylogeny of the fertile and 
sterile portions of a plant. In the white, 
sweet-scented water lily (formerly Cas- 
talia) now Nymphaea odor at a, some of the 
anthers have been transformed into petals; 
all gradations between anther and petal 
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may be seen in a single flower, '^hese 
petals may be less important functionally 
than the anthers, yet each serves a purpose. 
The sterile soldier termites — ^more highly 
specialized than the workers — are less 
important functionally than the workers 
and both are less necessary than the 
ferti le forms from which they have de- 
veloped. They all serve needs in the 
colony life. 

This relative ratio between the numbers 
of soldiers and workers in colonies of 
termites holds during the second year, 
when sexual adults are also produced in 
colonies of Ketkulitemes. In old colonies, 
workers (in genera where present) always 
greatly out-number the soldiers among all 
termites, which constitute but a small 
proportion of the castes in the nest; large 
numbers of sexual adults develop to 
maturity each year. 

Workers are much more useful and inde- 
pendent than are the soldiers, which need 
to be fed by the workers and whose effec- 
tiveness in protecting the colony in some 
species and genera is doubtfully as great 
as that of the workers. In one over- 
specialized genus (AnoploUrmes) among the 
higher termites, the soldier caste is lack- 
ing. In this genus the workers are — 
both as to legs and mandibles — specially 
modified. 

Soldiers may occur in as many as three 
different types (are trimorphic) in some 
of the higher termites and are dimorphic 
in some of the intermediately classified 
termites; whereas, the workers at the most 
occur in only two types in the higher 
termites. These facts indicate a greater 
specialization of the soldier caste, and 
possibly that this caste evolved before 
the worker. 

Winged termites in the course of their 
specialization have developed the com- 
plete humeral suture and have lost the 
strong power of flight of the lower forms; 


the reticulation of the wing membrane 
disappears; the wings are reduced so that 
in the Termitidae only about the ipidj^e 
portion remains; and the antp^Ior wing 
scale becomes markedly reduced in size. 
There is the usual reduction or loss of 
veins in the wings from the lower to 
simpler-veined, higher termites; the costal 
area is markedly reduced. The pronotum 
develops from a flat type to the sellate 
form. The shape and position of the 
head with relation to the pronotum 
changes, the progression being to a con- 
dition of reduced mobility. Abdominal 
cerci and styli (atrophied or missing in 
Macrohodotermss), tarsi, lateral tibial spines 
and the pulvillus of the legs become 
reduced or lost in regressive development; 
although long antennae and legs again 
appear in the “wander’* termites among 
the Termitidae. 

The reproductive forms become poly- 
morphic from the lower to higher ter- 
mites and from relatively small, active, 
and less dependent forms they develop to 
very large, inactive forms, entirely depen- 
dent (on the workers) in the higher 
termites. The presence of dependent 
queens occurs only among termites with 
workers pres ent . Why do not the nymphs 
take the place of the workers in this r 61 e? 

This development of the queens is 
correlated with progressive evolution in 
the building of more permanent specialized 
nests. Among the lower termites the 
more or less temporary nests are nearly 
always diffused, whereas in the higher, 
nests are more permanent, concentrated 
and specialized, in Apkotemes of the Bel- 
gian Congo reaching a utilitarian and 
architectural development not exceeded 
even by the higher insects (the Hymenop-’ 
tera). 

In all of the lower and intermediately 
classified termites, intestinal protozoa 
which aid in the digestion of wood arc 
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present. Bat in the highest termites (the 
Termitidae) protozoa are few and of the 
type found parasitic or commensal in 
(Ju'^er insects. So far as is known they 
do not play a symbiotic, helpful role. 

The common apterous reproductive form 
in the lowly Mastotennitidae and Kalo- 
termitidae and intermediate Rhinotermi- 
tidae, first becomes supplemented in the 
Kalotermitidae by brachypterous repro- 
ductive forms, and finally the apterous 
form disappears in the higher Termitidae. 

In some species in the intermediate 
family Rhinotermitidae and higher Ter- 
mitidae (in Armitennes'), the winged or 
macropterous forms do not appear to be 
the dominant reproductive type, as is 
usual among the lower termites. This is 
especially true in species of the non- 
subterranean, island genus Frorhmoterm^s 
where apterous reproductive adults are 
most commonly found heading colonies 
in moist wood in wet sites; brachypterous 
reproductive adults do 7 iot occur in colo- 
nies. It is believed that these termites 
(Frorhinotsrmes) are largely dispersed in 
drift wood — and that colonization is by 
division of colonies as well as by flight. 

In the species P. simplex Hagen in 
Florida no nymphs with long wing pads 
have ever been found in colonies although 
these forms occur in colonies of this species 
in Cuba. 

In Frofhinotermes moUnoi Snyder of Cen- 
tral America, the winged adult appears 
to develop from a nymph with short, 
circular, apparently fused wing pads. 
So far as can be seen from a series of 
specimens in alcohol from Costa Rica, 
these wing pads become markedly inflated 
just before the penultimate molt; they 
become raised up apically from their 
normal flat position and a median suture 
appears. This is a marked departure 
from the normal condition in other ter- 
mites where the winged adult develops 


from a n>mph with long, straight wing 

pads. 

Also, in the progress from the lower to 
the higher termites, the functional (as 
biting^ mandibles and rudimentary frontal 
gland of the soldier caste show marked 
changes i^hg. 4). In the intermediate 



Fig. 4. Views OF the Heads Pronota of Sol- 
dier Termites to Show Regressive Development IxN 
THE Development of the Mandibles and Pro- 
gressive Development of the Frontal Gland, 
from the Kalotermitidae (Kaloterma^ ( ay ) to the 
Termitidae (Nasutifertms, (b)). 

In the family Termitidae is also seen a transitional 
genus (Armitennes (c and d)), where both mandibles 
and frontal gland are functional; also in this family, 
there is an overspecialization in the mandibles (Ortho- 
gnathotsrmes (e) and Neacapritermes (f)). 

family Rhinotermitidae, the frontal gland 
is a highly specialized organ of defense — 
a sticky white secretion exudes from a 
short tube — which is very effective against 
insect enemies; the labrum is also highly 
specialized (fig. 5); but the mandibles are 
functional. The pronotum changes from 
the ancestral flat shape to a somewhat 
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saddie-sha-ped structure, — a progressive 
development — ; and there is progressive 
development in the clypeus and post- 
clypeus; the latter becomes markedly 
arched and bilobed in the higher termites. 

While, in many of the higher termites, 
the mandibles are absent or vestigial and 
the frontal gland becomes even more 
nignly specialized as a “nasus” or beak- 
like structure in the “nasuti,” in others 
of the higher ter- 
mites (jlnniUrm&s) 
both mandibles 
and well-devel- 
oped frontal gland 
are functional. 
The condition in 
the genus Armiter- 
mes maybe consid- 
ered as transitional 
or intermediate in 
the progress of the 
evolution of this 
highly specialized 
gland and in the 
later reduction or 
regressive develop- 
ment of the man- 
dibles. In some 
species of Armiter- 
mes the mandibles 
are more dominant 
than the frontal 
gland, in others 
the reverse is the 
case. In Acantho- 
termes the outlet of the frontal gland is 
remarkably modified. 

According to Holmgren (1912.), in 
Termes horni and T. ceylonicus Wasmann 
the salivary glands are developed as de- 
fense glands. 

In Anoploiermes, a genus of the higher, 
over-specialized termites, the soldier caste 
is lacking but the workers and winged 
adults often have very long mandibles. 



Fig. 5. Head and Pro- 

NOTUM OF THE MlNOR 
Soldier of Khinotermes 
latilahnmi Snyder to 
Show Highly Specialized 
Labrum and Frontal 
Gland, as Well as Ves- 
tigial Mandibles. 


Or in other over-specialized forms, the 
mandibles of the soldier become extended, 
lose the marginal teeth and do not func- 
tion for biting, but are twisted and as^^S" 
metrical and are used in flipping them- 
selves away from danger or flipping parti- 
cles of dirt at invading insect enemies. 
The labrum also becomes progressively 
developed. 

Morphological evolution in the soldiers 
of the over-specialized fungus-growing 
Termes series is generally regressive in 
character as is the caste system; this 
regression is correlated with regressive 
development of the nest structure. The 
entire system of life economy of the nest 
among these fungus-growing termites, 
which are confined to Ethiopia and Indo- 
malaya, is most highly specialized, as 
evidenced by the mound nest, the huge 
queen imprisoned in a protected “royal 
cell,” “nurseries” and “fungus gardens” 
— a sponge-like mass where special fungi 
are grown for food (the conidia are 
cropped as food by the young and are 
also fed to the reproductive adults). 
Dependence is not placed entirely upon 
the cellulose of wood, which has to be 
broken down by intestinal flagellates. 
Such protozoa which aid in the digestion 
of wood are absent in tne intestines of 
species in the Termes group. 

The Indian species Hospitalitermes mono- 
ceros Koenig has workers deeply-pig- 
mented, with eyes well-developed and 
long legs, which forage above ground 
in the sunlight; they harvest portions of 
lichens for food. 

Also, in the worker caste there is a 
progressive loss or reduction in the number 
of marginal teeth on the mandible, from 
the lower to the higher termites, and a ’ 
progressive development of the frontal 
gland- A marked progressive develop- 
ment in the workers of the higher termites 
is the structure and marked color of the 
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diurnal harvesting or “wander” termites 
— grass or leaf-cutting species. The heads 
.rger than usual, the legs and antennae 
2tre often very* long; the antennae have 
more segments than related non-wandering 
species — ^primitive characters. The intes- 
tines and salivary glands show pro- 
gressive development. Among these ter- 
mites are: Hodotermes (l.s.) — ^Palearctic, 
Ethiopian and Oriental; Semnrmes — ^Neo- 
tropical; Tennes (l.s.) — ^Ethiopian and 
Oriental; Syntermes — Neotropical; Acan-^ 
thotemes — ^Ethiopian; Hasutitermes (l.s.) 
Neotropical and Oriental; Speculitermes — 
Neotropical and Oriental; Drepanotermes — 
Australian; all except Hodotermes and Serri- 
termes are in the family Termitidac and 
lack symbiotic intestinal protozoa. 

The fact that the termites of the prim- 
itive genus Hodotermes have a highly 
'specialized worker caste and that they are 
dijjmal foraging and harvesting termites — 
Is are some of the higher termites — is 
Mifiicult to explain on the basis of pro- 
gressive or regressive development under 
the present classification of Hodotermes, 
However, in Hodotermes there are many 
primitive characters evidenced in anten- 
nae, wings, tarsi, tibial spines and cerci 
and in the presence of intestinal protozoa; 
there is no reduction to indicate pro- 
gressive development. Nevertheless, m 
the “wander” termites among the Ter- 
mitidae, there is a similar lack of reduction 
in antennae and legs — a regression. 

VII. THE BIOLOGY OF THE TERMITE CASTES 

(generalized) 

The "first-form” or macropterous queen 
produces five to seven kinds of offspring 
(varying with the species), one to three 
rfertile and two to five sterile types — only 
one type being like itself (the parent), 
the others all different in structure and 
behavior. 

There is a parallelism between termites 


and %lendelian "segregants,” where there 
is a splitting up of a complex parental 
hereditary material into many simpler 
types of offspring or segregants. Various 
less common, abnormal or “intermediate” 
reproductive adults of termites are merely 
other segregants. 

Since we believe that it has been pr:pvcd 
that the fertile and sterile castes me 
differentiated at the time of hatching and 
since there is no positive proof that special 
qualitative feeding can determine the 
castes (and indeed there is much evidence 
to disprove this) and that intestinal pro- 
tozoa do not cause sterility in the neuters, 
but have a symbiotic relationship, the 
explanation of the origin of the castes 
due to immediate environment, such as 
food, can not be accepted. The castes 
in termites are undoubtedly blastogenic in 
origin. To regard them as segregants 
appears to be the most inclusive and 
plausible explanation. 

At certain seasons (spring or autumn) 
of each year, winged, sexual, colonizing 
forms of both sexes appear in large num- 
bers, in well-established colonies. Nor- 
mally termites shun the light, but these 
forms, impelled by some irresistible im- 
pulse to leave the colony, temporarily 
become markedly positively phototropic. 
After the short, “wobbly” flight or 
“swarm,” the debated adults become 
strongly thigmotropic; they must have 
contact with wood or earth. 

The lower termites have a longer, 
stronger flight and emerge from the parent 
colony in smaller numbers and at irregular 
intervals, while the more specialized 
termites are restricted to a few large flights 
annually; the humeral suture is well de- 
fined in the higher termites (Termitidae), 
which sometimes lose one or both pairs of 
wings in mid air, and then spiral to earth. 
The lower termites, however, are forced 
to pry off their wings, since the humeral 
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suture or line of weakness is but 
defined. 

In general, the stimuli in the termite 
colony are hunger, sex and fear, and in the 
progressive development of termites, 
greater specialization can be observed in 
food, reproduction and defense. Never- 
theless,' the synchronous swarming of the 
winged, sexual, colonizing adults is one 
of the rhythmic activities in the life of the 
termite colony which is but little under- 
stood. At a certain time on the same 
day thousands of winged adults will 
emerge from different colonies of the same 
species of Riticulitemts in logs, stumps 
or infested buildings (fig. iib) in the same 
general locality — such as an entire town- 
ship or in a whole village. 

Apparently, there is no general (of wide 
application) external influence, and the 
mature, winged adults have been in the 
colony for some time previous to this 
“swarm” (which is a colonizing and 
mating but not nuptial flight); they can 
be induced to fly earlier by disturbing the 
colony. Can one say the responsible fac- 
tor is odor or some other stimulus due to 
developing gonads or sex cells? For these 
adults do not mature sexually until after 
the flight. 

The stimulus to swarm may be humidity 
or rainfall in connection with the proper 
degree of temperature in the case of some 
termites which live in the earth in arid 
regions; or hunger in the case of species 
of RetkuUtermes , where there is no food 
taken and the intestinal protozoa that 
possess enzymes for digesting cellulose — 
the principal food of termitcs~have 
mostly been lost during the final molt, 
just before the flight. Or are the winged 
adults forced to migrate by the workers, 
which with soldiers stand guard at the 
exits during the swarm? (fig. iic). 

In tropical countries, there is almost 
an element of magic attendent upon a large 


termite swarm. Apertures are opened n 
the ground or parent colony mound anc 
suddenly the air is alive with flu 
winged hordes. After the flight, tf 
exit holes are closed from within by th« 
workers and all traces of life dis appeal 
as suddenly as they appeared, the onl) 
evidence of the swarm being the discardec 
wings. Surely the swarm must have 
been an object of mystery to primitive 
peoples ! 

Normally, only after losing the wings 
are the males and females attracted to each 
other; they then pair off in couples, the 
male closely follows the female, with 
head close to her abdomen, stimulated 
and excited by a sex odor. Together 
they found the new colony by excavating 
a small cell or royal chamber in wood, 
under bark, or in the earth under wood 
lying on the ground, or in the earth. L; 
the Kalotermitidae sex attraction is evi-, 
dent before the loss of the wings, and tSc 
males and females sometimes do not lose 
the wings until after they are established 
in a cell under the loose bark on trees. 
According to Fuller (1915), in certain 
African species of Termes the winged 
females settle on grass stalks and engage 
in a “calling attitude” to attract the 
males. 

Coition is not by superimposition but is 
effected with male and female on the 
ground and the abdomens end to end (as 
in the roaches). Coition does not occur 
during the swarm flight, nor until the new 
home is established. The rate of egg- 
laying is at first slow in Reticulitermes, 
but more rapid in Termopsis; and the young 
parent adults feed and care for the offspring 
until enough of the workers or nymphs 
have been reared to care for the needS- 
of the colony. Coition is continued at ir- 
regular intervals and the male continues 
to cohabit with the female for life. 

The workers and soldiers of the first 
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|>rood that are reared in these nascent 
colonies are smaller than normal; this 
.dwarf condition of the sterile castes in 
incipient colonies, or “nanism,” is prob- 
ably due to the scarcity or the character 
of the food and to the care when the caste 
system is just developing. Hence, al- 
though food both quantitatively and 
qualitatively may be a factor influencing 
size and rapidity of development, it has 
no role in determining castes. 

Eggs are laid singly, except in Masfo- 
Urmss, where they are extruded in a 
mass somewhat similar to the ootheca of 
roaches. The eggs receive the same care 
from the workers (are licked and tended) 
that is later given the young or nymphs. 
The development of the eggs is facilitated 
by temporary shifts to more favorable lo- 
cations in the nest. Before hatching the 
’'"^gs swell up perceptibly. 

<^ly in the case of Crypotermns cavijrons 
i/^hks of southern Florida among Nearctic 
termites, have eggs been found in special 
cells outside of the royal chamber; here 
eggs were observed in small separate 
pockets in fluffy wood fibre in an infested 
log. In tropical termites (Termes group) 
there are special ‘ ‘nurseries” for the young, 
recently hatched nymphs. 

While queens of the higher termites 
are larger and lay more eggs, they are 
normally monogamous, whereas primitive 
termites are more often polygamous. 

The young or nymphs are always active 
except for relatively short quiescent or 
molting stages. According to Cleveland 
(1916) the young or nymphs contain 
intestinal protozoa 14 hours after hatch- 
ing, showing that they are being fed by the 
"workers or nymphs (from the ani) and 
a-^ not eating wood; later they eat wood. 
Ihe mature soldier, with elongate mandi- 
bles, cannot eat wood and is fed by the 
workers. 

There is a remarkable post-adult growth 


in bo^h t.he male '^or king) and female (or 
queen) as the colony increases in numbers, 
much more marked, of course, in the fe- 
male (hg. 1). With the increase in the 
number of the egg tubes and actual cellular 
divisions and growth there is a correlated 
degeneration of the jaw muscles ^in the 
post-adult queens of all types, 
lose much of their body color, no longer 
fly nor eat wood, and according to Fuller 
(1914), the fasciculate muscles of the 
thorax become degenerate. They are at 
this time dependent on the workers, who 
feed them special food from the mouth. 
Kings and queens may live together for as 
long a period as 2.5 years at least in arti- 
ficial colonies. Old queens lose some of 
the segments of the antennae, tarsal joints, 
margins of the thorax and some body 
cuticle; these are possibly bitten off by 
workers or nymphs in their eagerness for 
exudate. 

In well-established parent colonies of 
Keticulitermes in the eastern United States 
large numbers of nymphs of brachypterous 
and apterous reproductive forms season- 
ally appear each year. These forms 
mature at the same time as do the macrop- 
terous adults, and pass through similar 
molts during quiescent stages of relatively 
short duration, during the last of which 
the females (in Keticulitmnes) lose the 
abdominal styli — an immature character 
in the female; hence they are now really 
an adult caste. In apterous reproductive 
adults in Archotemopsis and Tennopsis the 
styli are not lost in the females. Unlike 
the macropterous adults, at the time of 
their flight the sex cells of brachypterous 
adults are ready to function, and they 
have lost their intestinal protozoa, 
Cleveland states that while he is not sure 
that these protozoa are ever entirely lost 
in Termopsisy they are at least very greatly 
diminished. In keticulttermes protozoa 
disappear entirely perhaps at about the 
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time when the sexual organs begin to 
function. 

Just before the flight of the winged 
adults, these brachypterous and apterous 
reproductive adults disappear from parent 
colonies. What happens to them? Are 
they killed by the workers in the parent 
coip^fies when they are not needed? Or 
do they migrate to form new colonies? 
But little is known of the biology of the 
brachypterous or apterous reproductive 
adults or castes and how they establish 
new colonies, which some of them do. 
Probably these forms migrate with work- 
ers or nymphs and soldiers for purposes of 
colonization through subterranean pas- 
sages and are impelled by the same stimuli 
as are the winged colonizing adults. 

Sometimes adults of both sexes in spe- 
cies of Reticulitemes engage in a short 
“pseudo-flight” at the same time that the 
winged adults are swarming. Brachypter- 
ous adults come out from the parent colony 
into the full sunlight and run about, or 
make slight short jumps or flips into the 
air — as do the dealated adults — and often 
they fall over backward in efforts to 
escape if disturbed. Possibly this activity 
is a manifestation of or a reversion to the 
ancestral habit of swarming, or coloniza- 
tion by flight. 

These incompletely pigmented, brachyp- 
terous adults have the compound eyes 
reduced and the facets but slightly colored; 
with the simple eyes or ocelli they are 
probably able to perceive only light and 
direction. In Reticulitemes they contain 
(as adults) no intestinal protozoa and 
hence are dependent on workers for food 
in order to live. If in the Mastotermitidae 
and Kalotennitidae these brachypterous 
and apterous adults contain no protozoa 
and if workers are absent in Kalotermiti- 
nae, nymphs of the sexual adults or of the 
soldiers must necessarily accompany them 
in this migration in order to feed them. 


Cleveland, however, has shown that pr^ 
tozoa occur in these reproductive adult 
when workers are not present. 

Moreover, contrary to the conaition ir 
species of Reticulitemes, in species o: 
Hodotermes (s.s.), Anacanthotermes, Archo 
termolsis and Termopsis the female aduli 
apterous reproductive forms do not lose the 
abdominal styli in the final molt; hence 
there also may be differences in the manna 
of their colonization. These styli are 
absent in mature, egg-laying, macropter- 
ous queens in species of Archotermopsis anc] 
Termopsis, but are present in this same 
form in species of Hodotermes, except m 
Macrohodotermes . 

Adults of the apterous reproductive 
forms in species of Reticulitermes have but 
little color to the body (less than in bra- 
chypterous adults) and there are but traces 
of eyes, whereas in Prorhinotermes — as 
the lower Kalotermitidae, especially-Jer 
mopsis — there is a marked color to 
body and the eyes are merely reduced! 
Probably only the completely pigmented, 
winged, colonizing adult with completely 
developed compound eyes is able to per- 
ceive images. 

Very little is known of the manner of 
colonization of these apterous adults or 
of that of the ‘ ‘intermediate’ ’ reproductive 
forms sometimes found in colonies in a 
regular series from forms with long wing 
pads (as in the nymphs of the winged 
forms) through forms with wing pads 
decreasing in length to nearly apterous 
forms. Usually, however, these inter- 
grading forms are not present in such a 
series in colonies. 

At the time necessary for brachypterous 
and apterous reproductive foims to leave 
the parent colony, workers (or nympli5r) 
and soldiers would be attracted to theS'' 
reproductive forms by the exudate, since 
much of the care of reproductive forms, 
brood and eggs by workers is due to the 
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fact that they derive food in the form of 
exudate from body secretions. In turn, 
they feed the adults and young, and care 
for the eggs. This exchange of nourish- 
ment explaining cooperative relationships 
of the termite castes is termed trophallaxis 
by Wheeler. 

In nature, in some colonies in the Rhino- 
termitidae and Termitidae, a single mac- 
ropterous male may be found associated 
with numerous egg-laying brachypterous 
females, the latter forms being probably 
utilized only because of accident to the 
macropterous female. That is, occasion- 
ally there is interbreeding between the 
different types of reproductive forms 
within the species in nature. Unfortu- 
nately nothing is known of the resulting 
progeny. In other colonies both egg- 
laying brachypterous females and apterous 
lemales (rarely) have been found asso- 
ci^ed together in a small colony; it is 
to be regretted that no associated males 
have been found. 

No doubt in nature where one or both 
parent reproductive forms are lost, young 
reproductive forms present in the colony 
as nymphs are utilized in replacement. 
Furthermore, the development of these 
nymphs in an emergency doubtless is 
hastened by special care and feeding by 
the workers. 

The larger macropterous reproductive 
adults normally are monogamous and have 
greater individual egg-laying capacity; 
the brachypterous and apterous forms are 
normally polygamous, but are smaller, 
with lesser individual egg-laying capacity; 
however, since large numbers of egg-lay- 
ing females of the latter types are asso- 
ciated with a relatively small number of 
males, their collective power for increase 
in the brood is greater than that of the 
macropterous forms. 

The results of all of the rearing and 
breeding experiments that have been 


carried out indicate that no winged adults 
are produced in pire colonies where either 
brachypterous or apterous reproductive 
forms were the parent adults. These 
experiments were of from six to twenty- 
five years’ duration and were conducted 
with species in several genwa,^n the 
Kalotermitidae and Rhinotermitidae!^Ap-' 
patently these forms breed true to type and 
produce only workers and soldiers in 
addition to their own type of nymphs. 
The sexual forms take two years to de- 
velop, and in colonies of 'R.eticuUtermes in 
the United States do not appear in the first 
brood. Workers mature within one year, 
from the egg to adult, but probably do 
not have as long a life as the reproductive 
forms. From a large-headed nymph, they 
pass through a series of molts and quies- 
cent stages to the adult condition. 

The soldiers also mature in one year, 
they are few in number in the first brood 
and in fact always relatively few in 
number. Soldiers pass through a series 
of molts and quiescent stages from a dis- 
similar, worker-like prototype to the 
adult soldier. The change from worker- 
like form to soldier occurs fairly late in 
the development or ontogeny of the soldier 
caste and after this penultimate molt the 
soldiers, with mandibles merely for de- 
fense, never eat wood, but are fed by 
workers; intestinal protozoa are present 
as in the worker-fed young. Soldiers do 
not eat wood directly because they can 
not chew it; they are fed wood by workers 
and nymphs. Just how much digestion 
has occurred before the soldiers obtain 
the wood is difficult to determine. 

In addition to the symbiotic relation- 
ship between termites and their intestinal 
protozoa, which are present in all castes in 
the families Mastotermitidae, Kalotermi- 
tidae and Rhinotermitidae only while they 
feed on wood, there are numerous insect 
scavengers, and various grades of insect, 
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arachnid and other animal “guests^^-'^ or 
inquilines in termite colonies. These 
Hemipterous, Lepidopterous, Coleopter- 
ous, Dipterous, etc., inquilines range from 
persecuted, through tolerated, to pro- 
tected, remarkable physogastric forms. 
The inqujhnes of termites have received 
muGkfstudj by entomologists, and Emer- 
son has extensively studied their ecology. 
Peculiarly modified hymenopterous para- 
sites have been found in colonies having 
inquilines present which undoubtedly are 
their hosts; these forms have been de- 
scribed by Brues, Cushman and Rohwer. 

In Panama in the carton tree nests of the 
termite Mkrocerofermes arhoreus Emerson, 
a very peculiar Coccinelid beetle is a cared- 
fot guest. The larvae of this beetle (Ortai- 
istes ruhidus Gorham) are specially modi- 
fied and are in the galleries with the ter- 
mites except when in the pupal cell; 
they make the same convulsive jerky 
movements as do the termites, but the 
adult is of the ordinary type and is not 
modified. 

There is an interesting ecological asso- 
ciation between the termite Nasutkermes 
cornigera Motsch. and stingless bees (Trig- 
ona ni gemma Cresson); in Panama these 
bees build their nests and honeycomb 
within the carton tree nests of the termites, 
often in the center and taking up a large 
part of the termite nest. Any one dis- 
turbing the termite nest is assailed by 
swarms of these bees which, while they 
do not sting, bite, and are able to pene- 
trate under clothing, into hair, etc., and 
make one very uncomfortable. 

Certain species of termites (in the 
genera Leucotermes^ Serritermes^ Nasuti- 
termes (l.s.), Ano-plotermes^ Microtermes and 
Mirotermes, etc.) sometimes live in the 
nests of other termites. The nest affords 
both protection and food if they are 
scavengers or robbers. However, they 
have separate galleries or smaller supple- 


mentary nests of their own and neveM 
intermingle in the same nest; if rhey use- 
the same galleries there is at once a fierce 
battle. 

Further studies of these peculiar, often 
oddly shaped inquilines will be useful in 
plotting geographical distribution and 
relationships; apparently they do not occur 
in termite colonies in the West Indies. 
The basis for this symbiosis is trophallaxis 
or exchange of nourishment. The phvsp- 
gastric inquilines receive the same type 
of food as do the termite reproductive 
forms. What is its effect? A chemical 
study of the composition of this special 
food and a physiological study of its 
effects might prove both interesting and 
instructive. 

Aside from predators, chief among 
which are the true ants, termites have no 
internal insect parasites, which may b^ 
explained by their protected condition^ of 
life, the absence of resting stages and theh-- 
constant activity. 

Nematodes and fungous parasites occur 
and may result in somewhat decreasing 
the spread of termites. Mites are common 
externally on termites. 

The workers and soldiers exhibit pecu- 
liar more or less synchronous, convulsive 
or jerky movements of the whole body 
when they are alarmed at a disturbance 
of the colony, especially noticeable when 
the reproductive adults appear to be in 
danger; this movement may also be 
exhibited by some of the insect inquilines. 
In some tennites a noise is made by the 
soldiers by striking their heads against 
wood; in others, the soldiers make a noise 
by clicking their mandibles. It seems 
probable that there is some correlation 
between these movements and noises, aiift 
the sense organs, which are located on the, 
antennae, bristles and hairs and pores on 
the legs, etc. Termites appear to be 
rather sensitive to vibration; seldom are 
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they found infesting railroad ties over 
which there is heavy traffic or in the wood- 
Vork of factory buildings where heavy 
machinery in motion would cause vibra- 
tion. 

Stokes (1893) has made morphological 
studies of the sense organs of termites and 
Mclndoo (192.3) and Hartwell (192.4) have 
studied not only the morphology of these 
organs but also conducted experiments 
with particular reference to the location 
of the olfactory sense; but little is known 
of sense organs of termites and their 
reactions to various stimuli. Body odors, 
as well as odors related to sex, certainly 
have an influence on activities in the 
termite colony; there is a distinct acrid 
nest odor. Body odor, as well as contact 
stimuli, aid blind worker and soldier term- 
ites to maintain a single file formation (as 
in AnoLlotermes) outside of the main nest; 
if^nables them to run a straight course 
to a source of food and might account 
for other activities sometimes grouped 
under the heading “spirit of the colony.” 

Is it not possible that termites have 
sense or chordotonal organs located on the 
antennae, bristles, or at the base of the 
mandible enabling them to receive and 
respond to vibration stimuli sent through 
the ah', or organs located on the legs to 
receive such stimuli through the earth? 
May a system of wireless telegraphy 
especially adapted to these blind insects 
exist? Of course these convulsive move- 
ments may be merely individual reac- 
tions, but the fact that the insects are 
blind leads one to suspect that they are a 
means of communication. However, what 
is needed is experimentation, not specu- 
lation ! 

Clark of the U. S. National Museum 
states: “I imagine that the sound, pre- 
sumably with a wave length too short 
for us to hear, does not go either through 
the air or through the earth, but instead 


bCLb up d corresponding vibration in the 
air pockets bemeen the particles of which 
the nest is composed. 

Air pockets of just the right size would 
vibrate in unison with any vibration that 
was attuned to them. Their vibration 
would set others in motion aTE^^^s the 
sound would instantly travel throu^out' 
the entire nest, indicating at once the 
position of the disturbance. 

Organs on the legs would pick up these 
vibrations much more readily than organs 
in any other situation. 

The use of resonance chambers is prob- 
ably widely spread in the animal world, 
though there is practically no mention of 
them in zoological literature. In some 
owls the ear region of the skull is greatly 
enlarged with a peculiar blind pocket 
outside the ear openings covered by the 
flap. This seems to be a resonance 
chamber.” 

VIll. THE NESTS OR COLONIES 

In the lower and intermediate termites, 
as a rule, the nests are diffused, not well- 
defined, and more or less temporary; 
colonies in these nests are more subject 
to migration due to unfavorable condi- 
tions. Among the higher termites, nests 
are concentrated and more permanent. 

In the Mastotermitidae the nests are 
diffused and in logs or fence posts with 
galleries in the earth; but no species of the 
Kalotermitidae (except in Hodotermes) 
burrow in the earth; their nests occur on 
the surface in logs and stumps and far 
above the earth in trees and in buildings. 
In the Rhinotermitidae, species also (ex- 
cept ProrhinoPermes) burrow below the 
surface of the ground where they con- 
struct a labyrinth of subterranean galler- 
ies. In species of Coptotermes in Australia, 
more or less tali concentrated mound nests 
are constructed above ground, while in 
species of the same genus in Panama, sim- 
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ilar nests are below ground; these '^are 
exceptions to the general rule of diffused 
nests among the Rhinotermitidae. 



Fig. 6 . Hard Mound Termitarium or Ant Hill of 
Armitemes medim Banks, 8 Feet Tall, 7 Feet in 
Diameter at Base 

Note the ix feet in diameter zone cleared about 
the mound. April 13, 19x4, Panama. J. Zetek, 
photo. 



Fig. 7. Carton Nest on Ground of Annitermes 
chagresi Snyder 

Barro Colorado Island, C. Z., Panama. February 
ii, 19x4. J. Zetek, photo. 

Among the Termitidae, there are sub- 
terranean nests, very lofty or low mound 


nests (fig. 6) on and below the ground 
level and carton nests (fig. 7) on the earth ■ 
or low or high upon the trunks of trees*' 
(fig. 8). 

In the United States, there are no con- 
spicuous mound nests or arboreal “nigger- 
head” or carton nests made by termites; 
nests of our native species are hidden 
within wood or below ground and ter- 
mites are seldom seen except at the time 



Fig. 8. “Niggerhead” Arboreal Tree Nest of 

Nasutitermes ephratae Holmgren, about 3 Feet 
BY x| Feet on Tree 

Barro Colorado Island, C. Z., Panama. August 
XX, 19x3. J. Zetek, photo. 

of the swarm. A key to these Nearctic 
termites is given on pages 88-9 Bulletin 
108, U. S. National Museum. 

Family 'Kalotemitidae 

Species in the family Kalotermitidae 
are wood-inhabiting, being destructive^ 
wood-borers in both coniferous and hard- 
wood timber, and do not burrow into the 
earth, hence they are termed non-sub- 
terranean in habit. There is no permanent 



Fig. 10. Impressed Pellets of Fine, Digested, 
Excreted Wood of Species in the Family Kalo- 
termitidae; These Pellets Fall from Wood and 
Are an Indication of Infestation. 

are found in driftwood along the seashore 
and along river banks. 

The largest Mearctic species in the genus 
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true nest and colonies are “diffused” and (telk) trees, in fence posts, telephone and 
not concentrated. These colonies live in other poles, and the woodwork andfurni- 
the moist or dry wood of dead trees, logs, ture of buildings. Sometimes colonies 


Fig. 9. Chambers and Galleries of Species of Tefmopsis are not very injurious. The 
Kalotermitidae^Cot^Across the Grain butrows or galleries of Kalotermitidae in 

wood are longitudinal chambers connected 


stumps, or in scars or dead areas in the by tunnels; these chambers and galleries 


trunk or in dead branches of living trees; are cut across and do not follow the grain 


or, more rarely (NeoUrmes) in the living of the wood (fig. 9). Pellets of partly 


wood of living valuable fruit and timber digested, excreted wood (fig. 10) fill the 
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galleries and chambers and often fall 
infested wood, indicating the presence of 
the termites. 

In certain genera, the species are able 
to live in dry, seasoned wood; such ter- 
mites are called “power-post” termites 
and are potential “house termites;” they 
are ve^yimjurious to woodwork and furni- 
ture and may be carried abroad in fur- 
niture, and become cosmopolitan in so far 
as conditions of climate are suitable. 

The reproductive forms are active and 
do not reach large size; they are able to 
move about freely in the colony and are 
not located in a definite chamber or “royal 
cell;” in consequence they are difficult to 



Fig. II. Map Showing Where Termites in the 
Family Kalotermitidae Are Found in the 
United Stated 


find. The presence of slightly larger run- 
ways to permit the passage of the egg-lay- 
ing queens, with their abdomens slightly 
distended, indicates that they are nearby. 
Also large numbers of eggs in certain por- 
tions of the nest, or the localized presence 
of more soldiers than normal, often betray 
their proximity. 

Both brachypterous and apterous repro- 
ductive forms occur in colonies of species 
of various genera in the family Kalotermi- 
tidae, the frequency of occurrence of a 
certain type varying with the genus . The 
brachypterous forms have definite color 
to the body and slight color to the reduced 
compound eyes but usually have vestigial, 


shorter wing pads than occur on this typi 
in theRhinotermitidae; they are especialh 
short in Termopsis, where the apterou 
form and forms “intermediate” from ap 
terous to brachypterous are more commoi 
in colonies than is the brachypterous 
The apterous reproductive forms havi 
marked color to the body and slight colo 
to the reduced compound eyes. Whih 
rare in Kaloumes, this type is common ir 
Termopsis. 

Species in the family Kalotermitida< 
can not migrate far and in winter do no 
burrow into the earth but merely penetrat< 
more deeply within the wood in which th( 
nest is located. Often such colonies ir 
logs, stumps and trees are covered with ic( 
and snow during winter. 

Twenty termites in the family Kaloter 
mitidae, representing four genera, occui 
in the United States; these species an 
found from Norfolk, Va., to Florida, 
westward through southern Georgia. 
Louisiana, Texas, New Mexico and Ari- 
zona to the Pacific Coast, where they range 
northward to Vancouver Island, B. C.. 
(see map, fig. ii) and southward intc 
Lower California. 

Family Khinotemitidae 

Colonies of species of the family Rhino- 
termitidae are excavated in wood near or 
on the ground; these termites are also 
destructive wood borers penetrating the 
hardest of woods, but in addition, they 
excavate a labyrinth of underground pas- 
sages in the earth usually near wood or 
vegetation; they are essentially subter- 
ranean in habit, except Frorhmotermes, and 
must have a connection with the earth— 
the source of moisture so necessary to 
their life. There is no true permanent 
nest, as a rule, and colonies are more or 
less diffused throughout the wood of dead 
trees, in stumps, logs, scars in the trunks 
of living trees, fence posts, telephone and 
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1 a building in New Orleans, La., reduced to the consistency of paper; the softer layers of wood 
leaving the harder; i.e., the wood has been honeycombed by a species of Renculitemes, in the 
•mitidae, where the grain of the wood is followed; {b) exit holes of winged adults of KetkuU- 
beam in infested building, Washington, D. C.; (r) exit holes in earth-like shelter tubes on wall 
ing, the heads of workers can be seen at the openings. 





THE QUAKTERLYflEVIEW OF BIOLOGY 


54 & 


other poles, and in the foundation sfnd 
woodwork of buildings. Periodically in- 
undated regions are unfavorable for these 
subterranean termites, bat colonies are 
occasionally found in drift-wood. Colo- 
nies of the non-subterranean species of 
Frorhinotern^ are found commonly in 
swam|>^:C^^The galleries of these termites 
follow the grain of the wood, which they 
“honeycomb” by eating away the larger 



Fig. 

(jA) Shelter tubes suspended from beam in ceiling 
00 Enlargement of tube (J. Zetek, photo). 


celled, faster growing wood tissue, leaving 
the smaller celled denser wood untouched 
(fig. ix). Living trees and other vegeta- 
tion are damaged by species in the family 
Rhinotennitidae, especially by species of 
LeucoUrmes and Copotermes , which injure 
valuable fruit, forest and shade trees as 
well as growing crops. Metal, stone, 
brick or concrete and other substances 
which these termites can not penetrate 
are bridged over by means of granu- 


lar, earth-like, shelter tubes of small 
diameter. Sometimes these shelter tubes 
are suspended from beams (fig. 13) oti 
constructed upright from the floor. Usu- 
ally they are on some surface such as 2- 
wall or tree trunk and often are extender- 
for great heights. 

The reproductive adults are not very 
active and have a remarkable post-adult 
growth to accomodate the enormous egg 



13 

by Leucotermes convsxinotatus Snyder (Ancon, C. 2.); 

tube development. Queens move about 
slowly but the males or “kings” are more 
active and usually are not found, since, 
while they consort with the queen in a 
semipermanent semblance of a slightly 
enlarged royal cell, they quickly desert the 
queen when the colony is disturbed. 

In temperate regions, before winter 
comes, the whole colony (in ReticuUtemes) 
leaves the wood and burrows into the 
earth below the frost line, where they 
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normally remain until spring, although 
they may temporarily come above ground 
during \varm weather. Indeed colonies 
■'eadily migrate; they change their location 
vithin the wood according to the season 
C;r with temporary changes in temperature 
or moisture and even the entire nest may 
be moved to a new site if conditions be- 
come unfavorable. In the prairie and 
desert regions, during periods of drought 
in summer when the soil is hard baked and 
deeply cracked, the entire colony lives in 
deep subterranean galleries. 

In addition to the single pair of male 
and female reproductive adults developing 
from the winged forms, there are other 
types, namely brachypterous adults or 
forms with short wing pads and with more 
or less color to the body and eyes — its 
intensity varying with the genus, — (bra- 
chypterous adults are absent in Prorhino- 
temes) and apterous forms; in Pro- 
rhinotermes and Phinotemes apterous adults 
have marked color to the body but no 
color to the eyes. If these adults are the 
parent reproductive forms, instead of there 
being merely a single pair, there are large 
numbers of females with a few males, 
and instead of all being in a single cell, 
they may be distributed throughout the 
colony in a series of broad cells. While 
these queens do not reach the large size 
attained by the macropterous adults, 
there are more of them in a colony. The 
queens may be located as in the family 
Kalotermitidae, and are often in the 
harder wood (such as in knots), in the 
interior, or in the more inaccessible por- 
tions of the wood. 

In the United States, there are 12. species 
in the family Rhinotermitidae, represent- 
ing 3 genera. These termites occur from 
Canada to Florida, throughout the central 
west, along the southern borders of the 
Great Lakes, and in the Rocky Mountains 
and Pacific Coast region. Species in one 


gen'js (Keticulitemes Holmgren) occur in 
nearly all the states, and represent the 
most destructive termites in this country. 

Family Termitidae 

Nests of species in the highly specialized 
family Termitidae are locate^ in similar 
places to those in the family Rhinoter- 
mitidae, namely, in wood and in the 
ground; some species are destructive wood 
borers, while others are essentially sub- 
terranean in habit and feed on vegetation 
in the form of plants; still others live in 
arboreal nests. Species of Termitidae 
when wood-boring in habit burrow^ 
through both decaying and sound wood; 
like the species of Rhinotermitidae, they 
require more moisture for life than do 
some of the Kalotermitidae. 

Apparently as a rule, although their 
diet appears in nature to be of the same 
character as that of the Rhinotermitidae, 
they contain no intestinal protozoa that 
aid in the digestion of cellulose. Only 
in a few exceptions (species of AmiUrmts) 
do species of Termitidae appear to subsist 
on a more broken down cellulose in the 
form of more decayed wood or partially 
digested excreta. However, species of 
Peticulitermes sometimes have a similar 
diet. Living vegetation is injured by 
some of these higher termites, including 
trees, general vegetation and crops. 

The macropterous (dealated) queens are 
usually in a chamber or “royal cell” (fig. 
14) and are very large, inactive and prac- 
tically imprisoned. 

While numerous brachypterous repro- 
ductive adults of smaller size and with 
incompletely colored body and eyes occur, 
as well as “intermediate” reproductive 
adults, apparently no apterous adults 
exist; brachypterous adults are especially 
common in the genera Armitemes, NasuH- 
fermes (Ls.) and MkrocmUrmes . 

In the family Termitidae in the tropics. 



THE QUARTERLY'^^EVIEW OF BIOLOGY 


54S 

■colony life, nests and food reach 'Bit 
highest specialization. In general, no 
intestinal protozoa are present in sym- 
biotic or helpful relationship in species 


Among the over-specialized fungus-grow- 
ing termites, in addition to the royal 
chamber where the large queen— a meref 
egg-laying machine— is kept in a protected? 



Fig. 14 

(a) Carton nest or tertnitarinm of the termite (familjr Tertnitidae) Microcsro^ermes extgtms Hagen in Panama 
'(September 7, 1913. J. Zetek photo); Q') Royal cell with dealated, macropteroas qaeen in cell; (c) section oi 
termitarium to show stracture. 


•of this family. Huge, hard, mound nests, 
and carton nests on the ground and high 
'Or low on trees (fig. 14) are developed. 
Earth-like shelter tubes often are seen as 
.a network on the trunks of trees (fig. 15). 


portion of the nest — ^practically im- 
prisoned — there are special “nurseries’ 
and “fungus gardens,” where the fruiting 
bodies of fungi are eaten. Some of the 
Termitidae are foraging and harvesting ir 
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ha’bit and their morphological modihca- 
tions show a regressive development. 

Apparently the more protected and 
■:oncentrated the nest and specialized the 
bod, the larger and more inactive is the 
oueen. In the diffused nests of lower and 
intermediate termites the queens are small 
and inactive. In species of Termes are 
found the largest queens, but in the carton 
nests of lAasutitennes and Microcerot.'vfnjs 
the queens are relatively much larger than 
in diffused nests. 

In the species Mirohrmes ■pdnomhunCis 
Snyder in Panama the galleries in wood are 
very characteristic, the wood being eaten 
away in a lattice-like design. Mound- 
like, earth-like, carton nests are made on 
the ground or the species inhabits logs, 
stumps and branches on the ground or 
decayed places in living trees. The ma- 
cropterous (dealated) reproductive forms 
are in a special nest-like carton structure 
if the nest is in the wood of trees; in one 
large colony nine females and one male 
were found together; the queens averaged 
only 6.5 mm. in length and 1.65 mm. in 
width. Soldiers of Mirotemes make a 
peculiar clicking noise with their elongate 
mandibles. 

Mirotermes -panmnamsis is one of the 
few species in the family Termitidae to 
have possibly symbiotic protozoa in the 
intestines; it contains a large amoeba that 
ingests wood, but that apparently is not 
in symbiotic relation with its host. 

Cleveland has proved (1913-192.6) that 
in the lower and intermediate termites 
these protozoa possess enzymes for digest- 
ing cellulose, the chief food of termites. 
Protozoa are also found in the intestines of 
another Termitid (a species of Nasm- 
f ernes'); both Mirotermes and Flasutitermes 
are wood feeding termites and possibly 
obtain their protozoa through association 
in wood with other termites (Kaloter- 
mitidae and Rhinotermitidae) which nor- 


maTIy contain incestinai protozoa. If 
such be the case, which is greatly to be 
doubted, the theor}' of a possible correla- 
tion of the phylogeny of the protozoa 
with that of their host termites might 
be weakened. According to Kirby, the 
amoeba in Mirotermes could not have been 
obtained by associating widi species of 



Fig. 15. Covered Runways on Trunk of Cuban 
Royal Palm Made by Mkrocerotermes sp. 

Ancon, C. Z., Panama. J. Zetek, photo. These 
shelter tubes extend from the ground to a carton 
nest on the side of the tree. 

Kalotermitidae or Rhinotermitidae, since 
in none of the latter are any amoebae 
present; it came from none of the lower 
termites unless all these species have since 
lost amoebae. Despite records to the 
contrary, it can not be certain that there 
were not small amoebae and flagellates in 
those species of Termitidae which are 
recorded as free from intestinal protozoa. 


550 


THE QUARTERLY REVIEW OF BIOLOGY 


For it is practically impossible to %d 
these forms in specimens of termites 
preserved in alcohol. Hence, according 
to Kirby, it is not advisable to state arbi- 
trarily that intestinal protozoa are absent 
in the highest termites— the Termitidae. 

The problem of possible transfer of 
protozoa between species of termites is 
extremely important. However, the 
habits of termites do not suggest this 
possibility in nature, except where differ- 
ent species of termites inhabit different 
portions of the same nest, which is a com- 


paratively rare occurrence (see page 540) 
under “Biology of the Termite Castes.” 

In the United States 10 species of Ter- 
mitidae occur, representing 4 genera of 
subgenera. They live in wood and in the 
earth and do not construct mound or 
carton nests. Like the species of the 
Rhinotermitidae, they require consider- 
able moisture for favorable conditions of 
life. Species of Tenmrostritermes in the 
southwestern states damage living vege- 
tation by nocturnal foraging expeditions 
conducted by the workers and nasuti. 
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AGE AND AREA 

ByJ. C. WILUS, F.R.S. 

[The Quarterly Review oe Biology has no intention of boring its readers witu polemics. 
But the attack on the Age and Area hypothesis in an earlier number presented such an ex- 
tremely one-sided view of the matter that it seemed desirable to restore the balance. 
Accordingly we have asked the distinguished originator of the theory of Age and Area, 
Dr. J. C. Willis, to prepare the following article. We now intend to give our readers 
ample time fully to digest and assimilate this two-course meal before offering them any 
more fahulum flavored with Age and Area. — ^The Editor.] 


A BOUT four years ago, under 
/% the above title (from the 
M principal thesis therein 
JL jIL brought forward) I pub- 
lished a book which has aroused some 
controversy and much criticism. Whether 
my views be accepted or not, they have 
reawakened interest in the fascinating 
study of geographical distribution, which 
for a long time has been in undue abey- 
ance, and much new and valuable work 
has been brought out. 

My principal thesis, “Age and Area," 
is based upon statistics, whose introduction 
into biological work is sometimes re- 
sented, though one is becoming used to 
their employment in Mendelism, in agri- 
cultural research, etc. Many years ago, 
Hooker published a statement to the effect 
(14, vol. i, p, 438) that “All seem to resent 
the making botanical geography too exact 
a science; they j&nd it far easier to specu- 
late than to employ the inductive process. 
The first step to tracing the progress of 
the creation of vegetation is to know the 
proportions in which the groups appear in 
different localities, a relation which must 
be expressed in numbers to be at all tangi- 
ble.” My work has consisted largely in 
following up this suggjcstion, and in show- 
ing in what manner the careful use of 
statistical methods can be applied to aid 


the various ways— morphological, ecolog- 
ical, and other— already in use for the 
investigation of the complex problems of 
botanical geography. 

My statistics, which might otherwise 
have been dismissed as those of an 
amateur, have received great support from 
the fact that they have been taken up by 
the well known statistician Mr. Udny 
Yule, who has based upon them an im- 
portant paper (33). 

As I have pointed out in the first sen- 
tence of my book, “The existing distribu- 
tion of a plant (or animal) upon the surface 
of the globe, which is often a very complex 
phenomenon, is due to the interaction of 
very many factors;” and at the end of the 
same paragraph I have said, “To all this 
it is obvious that age must be added— 
the older a species is, the more area will 
it have had time to cover.” People have 
often taken up Age and Area aUm, as if 
it, without assistance from other branches 
of knowledge, were expected to provide a 
master-key that had only to be turned in 
the lock to open a main avenue to the solu- 
tion of the problems of geographical dis- 
tribution. These problems are among the 
most complex and puzzling of all that arise 
in biology, and without the application of 
all the various criteria that are available 
—morphological, cytological, ecological, 
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and all the rest must also be applied— Age 
and Area will onlf lead to disappoint- 
ment. Too much is expected of it, and 
because it alone will not explain the dis- 
tribution of a family like the Magnolia- 
ceae, that has passed through many geo- 
logical periods, and many climatic and 
other vicissitudes, or explain the limited 
areas of such local endemic species as those 
of the Gulf of St. Lawrence, or the scat- 
tered woody endemics of parts of the 
United States, it is rejected as valueless. 
I have not laid stress in my papers on 
the employment of these other criteria 
because I have taken it for granted. 

DEVELOPMENT OP AGE AND AREA 

It may be well, as a preliminary, to 
consider briefly how “Age and Area” was 
arrived at, and matured, after some twelve 
years of work upon the flora of Ceylon. 
I very soon noticed that the local endemic 
species, which make up some ay per cent 
of the flora, were rare— a very remarkable 
fact when they were (at that dme) sup- 
posed to be specially adapted to the local 
conditions. Trimen, the author of the 
Ceylon flora, divided them into six classes, 
VC, C, RC, RR, R, and VR (very com- 
mon, common, rather common, rather 
rare, rare, and very rare), largely by the 
extent of their distribution in the island, 
except that VC and C covered the same 
areas, the former being commoner upon 
the ground. If one unite these two, one 
gets five classes. To verify my final sta- 
tistical results, obtained by adding up the 
whole flora, I took the flora of New Zea- 
land (Cheeseman), using actual longitudi- 
nal measurement of range in these long 
narrow islands, and made ten classes. 
Adding these together two by two, one 
obtains five, to compare with the Ceylon 
figures. Dividing the Ceylon flora into 
(i) endemic, (z) occurring in Ceylon and 
South India, and (3) going beyond this. 


and the New Zealand flora Tnto (i) 
endemic, (2.) wides reaching New Zea- 
land only, (3) endemics reaching the 
islands round New Zealand, and (4) 
wides doing the same, one gets the follow- 
ing table: 
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The wides are most numerous at the top, 
the endemics at the bottom, and the 
columns are graduated from one end to the 
other. In other words, the wides are the 
most widely distributed in Ceylon, the 
species occurring in South India next, 
and the endemics least. In New Zealand 
the wides that reach the outlying islands 
are most widely distributed, the endemics 
that do the same are next, and then follow 
the wides that do not, and the endemics 
that do not. 

Now such figures as these are very strik- 
ing, and they require explanation, especi- 
ally as similarly graduated figures turn up 
in a number of other cases. There must 
be some reason for their graduations, and 
for the great differences shown by the 
various classes of plants, endemic or other. 
Statistics, as these are, are quantitative 
data, affected by many factors, but when 
they show a definite graduation like this, 
there is most probably to be seen the effect 
of one factor — alone, or principally. Now 
it is all but impossible to suppose that 
these figures show the effects of adapta- 
tion, or of natural selection — these would 
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harai|^ nicel 7 graduated. It is open to 
anyone to propose any explanation of 
them, but so far the only other explana- 
tion than mine is that they are due to pure 
chance. This however does not explain 
why wides and endemics differ. My ex- 
planation is that on the average of numbers 
of allied forms (for the figures show in the 
same graduated and differential way for 
single families or for large genera) the 
effect may be broadly put down to age. 
Age in itself effects nothing, but it repre- 
sents the resultant effect of all the various 
forces that are acting upon the distribu- 
tion — dispersal methods, adaptation to 
climatic and biological factors, progress of 
the association to which the plants con- 
cerned happen to belong, and so on. If 
one suppose that the wides of Ceylon are 
the most widely distributed there because 
on the whole they arrived first in the island, 
the South Indian species next because they 
arrived on the whole later than the “wides,” 
and the endemics least because they were 
on the whole evolved later still, one obtains 
a conclusion which fairly well explains 
all the facts that are to be seen in the statis- 
tical tables. But these are general results, 
only valid for groups of allied species, and 
quite inapplicable to individuals. Many 
endemics will have been evolved in Ceylon 
before all the wides have even arrived 
there, and will have reached the maximum 
degree of commonness. Other endemics 
will have been evolved upon isolated 
mountain tops, and even though very old 
will not have spread beyond their first lo- 
cation. But on large numbers the facts 
come out clearly enough. 

Finding that similar statistical results 
appeared, in many different floras, I drew 
the general conclusion that Age and Area 
was applicable, not only to one country, 
but to the world; but one must always 
deal with matters in a statistical way, and 
not try to apply conclusions to small 


numbers. Similarly, finding that in the 
statistics, size of a genus went with the 
area occupied, when one took them in 
groups of allies, I formulated the rule 
which I have called Size and Space. 

GENERAL ANSWER TO CRITCISM 
I. Constant conditions 

A great deal of adverse criticism has 
appeared, and it is not altogether easy to 
understand why Age and Area has met 
with so much reprobation. That if more 
time be allowed for the active factors in 
distribution to carry on their work, more 
area will be occupied, seems a very harm- 
less and ah but self-evident proposition, 
and it was clearly put forward by Grise- 
bach, followed by Lyell and Hooker. As 
I have pointed out (A A, p. 6) “the resultant 
effect of ail the active factors, like dis- 
persal methods, etc., is so uniform, when 
one considers long periods of time, and 
takes an average of several allied species, 
that these species spread indefinitely at a 
fairly steady average rate. This rate 
.... will probably not be the same 
for any two species, but for allied forms 
will not usually differ very much, so that 
by taking groups of ten allies, and com- 
paring with other groups allied to the first, 
the rate of expansion of area will be a fair 
measure of age.” 

The general answer that may be made to 
criticism is that the hypothesis is based 
upon statistics, and must be handled 
/luantitatively, and that the provisos with 
which I have hedged it about must not be 
ignored. Yule defines statistics as “quan- 
titative data affected to a marked extent 
by a multiplicity of causes.” Only by 
taking numbers can one hope to perceive 
any result that one may interpret as due to 
one of these causes, and one must always 
deal with numbers if one hope to get 
results of any value. For some inscrut- 
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able reason, the fact that I have mcde 
provisos at all seems to arouse hostile 
criticism. Had there not been these pro- 
visos it would have been so easy to upset 
the hypothesis, and though my critics 
often begin by mentioning the provisos, 
they usually^ end by ignoring one or more 
of them, and sometimes all, completely. 

On page 63 of my book, the hypothesis 
is thus stated: “The area occupied (deter- 
mined by the most outlying stations) at 
any given time, in any given country, by 
any group of allied species at least ten 
in number, depends chiefly, so long as 
conditions remain reasonably constant, 
upon the ages of the species of that group 
in that country, but may be enormously 
modified by the presence of barriers such as 
seas, rivers, mountains, changes of climate 
from one region to the next, or other 
ecological boundaries, and the like, also 
by the action of man, and by other causes.’ ’ 
Now most of my critics are inclined to 
lose sight of these provisos, upon which I 
have always insisted. If they be neg- 
lected, it is easy to find facts that are 
quite incompatible with Age and Area, 
and special attention must once more be 
called to them. The first is “so long as 
conditions remain reasonably constant.” 
It is of course all but impossible for them 
to remain exactly constant, but they may 
be much the same on averages of say ten 
years, and so long as that average does not 
show a steady and marked change in one 
direction, I should class the conditions as 
reasonably constant, though the rainfall, 
the sunshine, the ecological conditions, 
etc., may vary from month to month or 
from day to day. Such conditions occur, 
for example, in the great tropical forests, 
in the moorlands of Europe, in the deserts 
of the southwest United States or in the 
Yellowstone Park, places where man is 
not continually interfering with his agri- 
cultural, warlike, and other activities. 


and where the secular change or<^iimate 
is extremely slow. 

It must of course be remembered that the 
chief obstacle to rapid distribution is 
probably the presence of definite associa- 
tions of plants over large areas, but even 
here, as Clements says, “the most stable 
association is never in complete equilib- 
rium.” Here the changes of conditions 
are going on more or less in a definite 
direction, but so slowly that I think one 
may regard the conditions as reasonably 
constant. 

Careful adhesion to this first proviso 
renders nugatory many of the criticisms 
that have been made, for my critics have 
taken the case of plants that have gone 
through many vicissitudes of climatic and 
other change, like the plants of the Gasp6 
region, which have at any rate been more 
or less surrounded by ice on one or more 
occasions, or the family Magnoliaceae, 
which have survived many changes. In 
such cases. Age and Area can give 
no result that is worth consideration, 
unless one can trace by aid of the fossils 
the area that has been covered, and that 
sometimes twice or more. If plants have 
been compelled to migrate back and for- 
ward by alternations of ice and of warmer 
periods, the area really covered may be 
represented by s enrol superposed folds, a 
fact that is usually completely lost sight 
of. In regions seriously affected by glacial 
periods, Age and Area may be regarded 
as inapplicable until we can trace all the 
migrations, but the nearer to the Equator 
one goes, the more useful does it become. 
In the north there are many endemics of 
very isolated forms, that may be regarded 
as real relics, but in the equatorial regions 
these are but few and there are vast num- 
bers of endemic species that are closely 
related to their surrounding species, 
whether endemic or wide. These forms 
enormously outnumber the relics of more 
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i.*i countries. H. A. Gleason (7, 
bottom of p. 544) says that “it is essential 
to the validity of Age and Area that mi- 
grations be always forward.” This I 
fail to grasp, but as I have just pointed out, 
much must not be expected of Age and 
Area in regions where migration, usually 
due to ice action, is common. With the 
go and come of the ice, a species might 
easily have migrated three or four times 
over the same ground, and unless one could 
trace its progress accurately with the aid 
of fossils at different levels, one might go 
very far astray. If the ice advance 
rapidly, as is often supposed to have been 
the case, some species will not be able to 
migrate fast enough to escape extermina- 
tion, while others will already be so far 
ahead of the ice, or so rapid in movement, 
that they will survive. In the Old World 
there is a vast mountain barrier from east 
to west, against which many species might 
be killed out altogether, while in America 
there is room for migration much further 
to the south. 

Further than this, the oncoming and 
subsequent retreat of the ice seems often 
to have made a definite change in the cli- 
mate and other conditions, rendering life 
less favorable to the growth of the (gener- 
ally) woody or arboreous forms that pre- 
viously occupied the ground, and which, 
like so many of the local woody endemics 
in the flora of the United States (cf. AA, 
footnote, p. 86) now survive in the midst 
of conditions that are generally unfavor- 
able. Since the ice retreated, man has 
occupied the ground, further increasing 
the unfavorable conditions. 

But it is not only a change of climate 
that has affected these plants. The inva- 
sion of the ice has usually broken up or 
destroyed the old associations in which 
they used to live, and in consequence of 
this, their rate of distribution must prob- 
ably have become enormously slower than 


'under the old conditions. In fact, it is 
not improbable that the changed con- 
ditions offer a complete barrier to further 
distribution. In any case, one will not 
expect to see any serious extension of 
area unless the old association can be 
largely reconstructed, or unless the species 
can force its way into some new associa- 
tion, for which the pioneer species will 
prepare the way. These endemics, which 
after all are few compared to the multi- 
tudes of non-relic endemics, are local, like 
the most of the Ceylon endemics, simply 
because there has not yet been time for 
them to be anything else, even when they 
are not checked by the barriers of climatic 
and other change. But their previous 
history may be written in the fossils, and 
must be followed there. 

The old idea (encouraged by the rapid 
spread of weeds in cultivated ground, 
where the original plant associations have 
been completely broken up) that distri- 
bution is very rapid, still holds a large 
sway, but as I have endeavoured to show 
(AA. pp and Chap. V) there is 

little or no justification for the taking up 
of this attitude towards the subject. 
Distribution in general, over ground more 
or less fully occupied by associations of 
plants, will be an extremely slow process, 
and its does not in the least surprise me 
that so many plants in various regions of 
the United States, which must of course be 
regarded as relics left by the ice age, should 
still be confined to the places (perhaps a 
little extended) in which they were left. 
They are in general surrounded by associa- 
tions that are probably different from 
those in which they lived, and one will 
expect them to spread, if at all, with the 
most extreme slowness . The present tropi- 
cal forests go back probably before the ice 
age, yet they contain many endemics that 
have only spread a very short distance, 
though the conditions have been favorable. 
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One of the things that I am fighting«^£or 
in my advocacy of Age and Area is to get 
the idea accepted that distribution is a 
dynamic process, which is still going 
on. It is not, in my opinion, a phenome- 
non that takes place so rapidly that most 
things have already reached their limits 
of possible distribution. They have 
reached so far as age (representing the 
resultant of all the active forces in dis- 
tribution) can carry them up to the pres- 
ent time, against the influence of the vari- 
ous barriers — ^physical, ecological, and 
the like — that check or oppose their dis- 
tribution. 

This same proviso as to constant con- 
ditions of course really disposes of any 
attempt to consider by aid of Age and 
Area alone such cases as those of Sequoia 
and many other plants which have gone 
through two or more geological periods, 
for they can hardly have escaped being 
affected by great changes of conditions 
during so long a time, and we cannot al- 
ways say from the fossils exactly what 
their migrations may have been. Here 
again, to look upon distribution in a dyna- 
mic way will somewhat change our views 
upon the subject. As I have pointed out 
(AA, p. 88), there is hardly a more suit- 
able conifer for general sub-tropical con- 
ditions than Cupessus macrocarpa, which 
has been planted in millions over the 
mountains of the tropics, and in other 
places of like conditions. And yet, if 
one examine it in its only native habitat, 
one is forced to conclude that it is, there, 
a species that is dying out, on account of 
unfavorable conditions. Had it not been 
taken up by man for planting in conditions 
that are more suitable to its growth, there 
can be little doubt that it would ulti- 
mately have disappeared, and would have 
been counted from the fossils as one of 
those species to which the world was no 
longer suitable- It is not to the world. 


but to the conditions that have supervaied 
in the regions where they were growing, 
that species like this, or Sequoia, have 
become unsuited; they have not been able 
to spread quickly enough to reach more 
favorable localities, or these may have 
been too far away to have been reached in 
any case. As the world grows older, the 
climate tends to become drier, and shows 
more differentiation, and this alone has 
localized many forms that in more uniform 
climates would have occupied much 
greater areas. At the same time, differ- 
entiation of species seems to accompany 
differentiation of climates, and as Hurst 
has shown with regard to ^osa (i6), the 
original species, carrying the .possibilities 
of resistance to different types of climate, 
seems gradually to differentiate into 
species suited to one only. 

A careful taking into consideration of 
my first proviso is thus a sufficient answer 
to many criticisms. How closely, even in 
the far north, recent species, evolved since 
the conditions became pretty much what 
they are now, may follow the rule, may 
be seen from the work of Samuelsson (ii), 
who shows the way in which endemic 
plants — ^in this case Hieracia, and evidently 
of recent formation — spread from centers 
where they are (at present) comparatively 
numerous, and occupy scattered locations 
round about. His map of the distribu- 
tion of one of these microspecies, here 
reproduced, shows this very well, giving 
the actual spots in which it has been 
found in a country well worked for Hiera- 
cia. The further one goes from the center 
of distribution, the more scattered become 
the locations, and Samuelsson also remarks 
(reprint, p. 6). '‘In den Standorten an 
den Grenzen des Verbreitungsbezirkes 
scheint die Anzahl der Individuen kleiner 
als im Centrum zu sein. Mindestens ist 
dies der Fall in Dalekarlien, wo zwei 
Standorter bekannt sind.” This is what 
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one would expect, on the general prin- 
ciples which I have endeavored to make 
clear in Chapters II to V of my book. 
The more closed the associations of plants 
become, the slower will be the dispersal, 
but every now and then a species will get 
a foothold in a new place, often, it may 
be, at a considerable distance from any 
other members of the same species. In 
the map just given, the most isolated 
locality is separated by about lo miles 
from the next, though of course one can- 
not be certain that there is not, and never 
has been, an intermediate position. 



Diagram A. Distribution of Ukracium chlofoUucuin 
Dahlst. 


On page lo Samuelsson goes on to 
explain this remarkable distribution, and 
says “ist meiner Ansicht nach das geringe 
Alter jener Sippen die wichtigstc.” Here 
then is another anticipation of my de- 
tailed publication of Age and Area, though 
my own first suggestion of it was in 1307, 
and as I have pointed out in my book 
(p. 3), Lyell and Hooker published the 
general idea in 1853, whilst Samuelsson 
points out that Grisebach (9), six years 
earlier, calls attention to plants that are 
so young that they have not yet had time 


to be distributed far from their point of 
origin. 

Samuelsson points out that the con- 
ditions in much of southern Sweden are 
practically the same as those where these 
very local species at present exist, and 
that there is no reason to suppose that they 
would not succeed over much larger areas 
than those which they actually occupy. 
He also points out how often single plants 
or clumps of individuals of new and dis- 
tinct forms have been found, and have 
never been found again, in spire of much 
searching. He takes the same view of this 
as I have taken in my book upon page 151, 
that the collection of the specimens exter- 
minated the species, a view which Dr. 
Guppy has also proposed to me to account 
for the many species only once seen, and 
never found again. 

Samuelsson then goes on to point out 
that the distribution of these Hieracta 
negatives the idea that it can be in response 
to an adaptation to local conditions 
(t/. AA., pp. 131, 148, 87, etc.), and that 
though they are obviously very young, 
no intermediate forms can be traced, even 
in the case of such a very local form as 
H. miemymm^ which he regards as evolved 
since the arrival of man in Sweden. He 
regards the forms as having arisen by 
mutations, and says “Das Alter der Sip- 
pen der acroleucum-gmppo scheint der 
Grosse der Verbreitungsbezirke ungefahr 
proportional zu sein. Es ist deswegen 
wahrscheinlich, dass H. acrokucum die 
alteste Sippe dieser Gruppe ist. Vielleicht 
sind alle iibrigen Sippen der Gruppe aus 
H. acroUmum entstanden.“ This is the 
point of view that I have taken for many 
years (r/. z 6 -z^) and which I am once 
more bringing up in recent papers (30). 
The original idea goes back at least to 
G, St. Hilaire, and, as is well known, 
species were always supposed to arise 
suddenly in the days of special creation. 
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The gradual development of them is an 
assumption brought up by Darwin and 
his supporters in this matter, and is as yet 
without proof. 

Samuelsson also suggests that some of 
the very isolated localities may be due to 
another appearance of the same mutation, 
a possibility that appears not improbable 
when one has realized for example the way 
in which the mutant gigas appears again 
and again in de Vries’ cultures, or con- 
siders how likely it is that the same change 
in the nuclear constitution may happen 
twice, especially perhaps in nearly related 
forms such as these Hieracia. 

Samuelsson’s whole paper is very inter- 
esting, and deserves to be more widely 
known. He ends by pointing out, with 
a map drawn from Wettstein’s own locali- 
ties for gentians (a}), that the latter’s 
widely accepted opinion, that species 
arise as adaptations to local conditions, 
and do not overlap, is not sound, for there 
is in fact considerable overlap. The maps 
agree much better with the view of origin 
by mutation, and gradual dispersal from 
the centers of origin. Arguments based 
on Wettstein’s published opinions require 
carfefnl examination with the facts. 

II. Consideration of groups of allied species 

The next proviso in my statement of 
Age and Area is as important as the one 
which has just been considered, and 
though from the very beginning I have 
strongly insisted upon it, it is very often 
ignored by my critics. It is that one 
must always deal with ''a group of allied 
species at least ten in number. ’ ’ This again 
disarms much of the criticism that has 
been directed against Age and Area. 
Practically all the local woody endemics 
mentioned above for the United States, 
for example, or those of the Gulf of St. 
Lawrence, are rendered valueless for pur- 
poses of argument, inasmuch as they can- 


not be placed with the needful number of 
allied forms to make up a group of ten 
close allies — in many cases they cannot 
even be placed with others of the same 
family— nor are there other ten, nearly 
allied to them, with which to make a 
comparison. This point, too, I have 
especially insisted upon (cf. AA. pp. 85-6). 
If a group of ten allied Dipterocarpus 
trees, for instance, cover an area (sum of 
all ten areas) of 100,000 square miles, and 
another group of ten allied to the first, 
and in the same country, cover 2.00,000 
square miles, then Age and Area indicates 
that the second group, as a whole, will be 
older there than the first, and if the alli- 
ance be very close, and the conditions very 
similar, will quite probably be more or 
less twice as old. But one cannot compare 
individual cases. 

The whole theory is one of statistics, 
and statistics, by their very nature (for 
they are quantitative data) are not applic- 
able to individual cases, but only to groups. 
It is only when one takes the data quanti- 
tatively that one can perceive that age 
shows an effect which may be numerically 
represented. With statistics one sees the 
effect of age, without them one can only 
speculate upon it. In the case of a soli- 
tary individual species, so many factors are 
operative, that the effect of no singjle one 
can be picked out with certainty, though 
all kinds of speculative or theoretical 
views may be put forward as to the causes 
that have operated to produce this or that 
effect. But when one takes large num- 
bers, and finds the totals varying in a 
direction that seems only explicable as the 
effect of age, then one becomes justified in 
proposing age as an important factor in 
distribution, and in pointing out certain 
results as being probably due to it. The 
results that show very clearly with large 
numbers also show so well with smaller 
numbers, when one takes close allies and 
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compares them with other allies, closely 
allied to the first, that one is also fairly 
justified in fixing a number like ten as a 
minimum. But these ten must be closely 
allied, and must only be compared with 
other groups of ten allied to the first. 
The exclusion of individual cases from 
consideration throws out at once a great 


or •even for a ^oup of two or three, 
is wholly to misunderstand the princi- 
ples underlying statistics and their use. 

Let us take the very simplest case that 
it is possibly to imagine. Suppose that 
ten species of a genus A all commence 
m the same country at the same moment X, 
and another ten of a genus B, as closely 



Diagram B. (For explanation see text) 


proportion of the objections that have 
been brought forward. 

Individual species differ so much in their 
^reactions to the surrounding conditions 
that probably no two are distributed at 
the same rate, except at times accidentally, 
and to reason from the hypothesis of 
Age and Area for an individual species. 


allied to A^ and as much like it in evety 
way, as possible, all start at the same 
moment Y. The problem before us is to 
determine which moment, X or Y, was 
the earlier, assuming the correctness of 
Age and Area. Let us frirther suppose 
that each species has spread uniformly 
round its point of origin, so that we 
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can work with, the diameters of the 
circles thus formed. Then we begin by 
measuring the diameters of the various 
circles, which look a hopeless intermix- 
ture. Arranging them in order of size, we 
get the result 

A (cross at centre, solid line): 

48 40 36 X4 18 16 16 14 10 6 
B (dot at centre, dotted line): 

36 31 30 i6 20 16 12. 8 6 2 

The ten species of A, though starting at 
the same time, differ so much in capacity 
of dispersal, in luck in meeting suitable 
conditions, and in other ways, that the 
areas they occupy vary between 6 and 48 
in diameter (I imagine that so great a 
difference possibly would not often occur 
between species starting at the same time 
in the same country, but it makes the 
argument clearer), while the B species 
vary between 2 and 36, and three of them 
at least show areas much greater than 
those of two thirds of the As. Yet when 
one totals the whole numbers, one finds 
that the As add to 228, the Bs only to 188. 
And it is on this result that Age and Area 
says that the As as a whole are probably 
older than the Bs. But it is obvious that 
one cannot draw any conclusion about the 
individual areas. 

Still more obvious is this, when one 
remembers that the ten As may with prac- 
tical certainty be assumed to have com- 
menced in the country at different times, 
and the ten Bs likewise. On the whole 
the ten As will be older than the ten jBs, 
but beyond that Age and Area cannot go 
with any probability of safety. It is 
obviously impossible to reason — one can 
only guess — about the individual species 
that make up the tens. 

This explanation will, I hope, help to 
make clear the general statistical prin- 
ciple upon which Age and Area is based. 
The explanation upon page 62 of my 
book should also be read in this connec- 


tion. In my earliest papers I fixed at 
15-20 the number of allied species with 
which one ought to deal, and I am not 
sure it might not be safer even now to 
return to these figures. Or perhaps it 
would be more correct to say that the 
further one goes from the equator the 
larger the number that one should use. 
Individual species from these two lists 
(A and B) may be made to prove anything 
if Age and Area alone be applied to them, 
but this is not the case with the totals, and 
it is with these alone that statistics have 
any concern. 

It is for similar reasons that when com- 
parisons have to be made, one must only 
compare one group of allied species with 
another group closely allied to the first. 
If one try to compare species of different 
families, or belonging to different types 
of vegetation, the range of variation may 
be vastly greater than in the imaginary 
case that we have just been considering, 
and a very much greater number of species 
must be taken together. Even then the 
result will be valueless if we do not ensure 
that they belong to somewhat similar 
types of vegetation. Even employing a 
few hundred or more at once, I should feel 
sceptical of any value in the result ob- 
tained. One of my critics, for example, is 
doubtful of Age and Area because (quot- 
ing Ridley) I have said that a certain Dip- 
terocarp tree would take 60,000 years to 
travel 100 miles, while the Conifer forest 
of North America travelled a much greater 
distance in much less time. But the two 
groups are in no way related, have differ- 
ent types of seed, and live in different 
countries and conditions, and cannot be 
compared. A note in Science Supfl., 
March 3, 1926, p, x, gives figures for dis-' 
persal of seeds of the Douglas fir. Un- 
fortunately the height is not given, but 
Ridley’s tree was 100 feet, and while he 
found that even in strong wind the seeds 



AGE AND AREA 


did not go beyond loo yards, the fir seeds, 
in an eight-mile breeze, fell in maximum 
quantity at 360 yards, and some overpassed 
the observers at 530 yards. Groups of 
plants must be compared, and even then 
only the closest relatives, living in closely 
similar conditions. 

A paper by Calvert (x) illustrates this 
disregard of my provisos, and shows that 
like others, he expects too much from Age 
and Area, having taken it up as if I had 
proposed it as a substitute for ail other 
methods of dealing with the problems of 
distribution. He ignores the proviso 
which we have just been considering, and 
also seems somewhat in doubt as to the 
application of the figures. On page 2.11, 
for instance, he quotes figures for distri- 
bution in New Jersey, and applies them 
generally. On the next page he takes 
figures for the world, and applies them to 
individual genera, thus finding that Argia 
should be the oldest — a result contra- 
dicted by morphological evidence. If the 
whole group of allies to which Argia 
belongs is the largest and the most widely 
distributed, then it is probable from Age 
and Area that as a whole it is older than 
another group closely allied to it and less 
numerous and less widely distributed. 
But one cannot , argue about individual 
cases, and one must take age, size, and 
area together, not in two separate com- 
partments. 

III. Barriers 

We now come to the reservation about 
barriers, that the action of Age and Area 
may be enormously modified by their 
presence. This is obvious in the case of 
^sea, for only a few species are occasionally 
and with difficulty able to pass across any 
serious width of salt water (cf. Guppy’s 
books). “For the case of floras (plants in 
ecological association) Dr. Willis rightly 
insists that land connection, complete or 


all but complete with the source of dis- 
persal, at the time of dispersal, is neces- 
sary” (Mrs. E.eid, AA, p. 139). This can 
hardly but be admitted by anyone who 
has studied the subject. An endemic, 
starting, as so many have done, upon an 
island, has only the very remotest chance 
of ever spreading beyond the confines of 
that island; though, as a matter of fact, 
few have even yet covered the local areas 
possible to them in the larger islands like 
Ceylon or New Zealand. 

Mountains, again, in the form of chains, 
may afford very considerable barriers to 
progress, especially when, as is so often 
the case, the climates differ on the two 
sides. 

Then there are the many ecological 
barriers. A plant will in general find it 
difficult to enter another association than 
that to which it usually belongs, and so 
will be largely determined in its distribu- 
tion by the rate of progress of the whole 
association, which may often cease to 
move for long periods at a time. Hence 
again, the absolute necessity of dealing 
with groups of ten allies, so as to allow 
for differences of this kind. The whole 
ten wdll rarely be confined to one associa- 
tion. 

But I have said enough about barriers 
in my book, and it will suffice to have 
drawn attention to the obviously enor- 
mous differences that they may make in 
the distribution of plants about the world. 
An endemic of a single mountain peak, 
extending some distance above the general 
height of the chain, may easily be barred 
from ever extending beyond it, if it is not 
suited to life at somewhat lower levels 
(cf. Gleason, l.c.). 

In what has been said, I hope that I 
have made it clear that one must work 
with great caution and circumspection in 
applying the rule of Age and Area. Some 
who have now contemptuously rejected 
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the whole thing have taken it up as if it 
had been proposed as a master-key to 
the problems of distribution — as if it 
were to be simply a case of “measure a 
few areas and there you are,” leaving 
morphological, ecological, and other cri- 
teria out of tonsideration. 

Some systematists hold the opinion that 
because what were once accepted (by such 
masters of systematic botany as Hooker, 
for example) as general species, ranging 
^ormous areas, are now being split into 
smaller species of more limited range, 
Age and Area can no longer hold. As I 
have already pointed out (AA, p. 98, 
objection ^9) such work really strengthens 
the position of the hypothesis. The 
more local the species “become,” the 
more clearly do they show the effects of 
age in their dispersal (cf. the work of 
Samuelsson, already referred to). The 
local species that are thus made out of the 
wide-ranger are more closely related to- it 
than to others, and the whole goes to 
show the truth of Guppy’s deductions as 
to the breaking up of the widely ranging 
species into local forms — the process of 
differentiation. As I have said (i8, p. 
135), “isolation, as isolation, favors the 
production of new forms.” It is impos- 
sible for me to go over every one of the 
thousands of species with which I deal, to 
determine its latest systematic position; 
one is reminded of the Scarabee’s remark, 
“Cuvier had to go to Latreille for his 
insects, and if Latreille had been able to 
consult me—yes, me, gentlemen® he 
wouldn’t have made the blunders he did 
about some of the coleoptera.” My 
opponents treat statistics in a very cava- 
lier way. I say that statistics show for 
example that the average Scot is heavier 
than the average Englishman, and they 
reply in effect “Oh that’s absurd, for 
here is Smith weighing 180 pounds and 
McKenzie only 140.”® 


HECENT PAPERS 

A considerable number of papers, in 
favor of, or opposed to, Age and Area, 
have been published during the last few 
years, and it will be well in conclusion to 
deal with some of these, as illustrating 
points that have not been dealt with in 
the general reply to objections that has 
been made above. 

My views are sometimes objected to, on 
the ground that they seem to imply that 
the number of species is tending to increase 
rather than to remain constant, and it 
is therefore of interest to find that G. R. 
Wieland, in the fifth chapter of “Organic 
Adaptation to Environment” (Yale Uni- 
versity Press, 1914) shows that the view 
which is very frequently put forward, that 
previous ages have had vast numbers of 
species, lacks good evidence to rest upon. 
He points out that as yet only about iz,ooo 
well described species of fossil plants are 
known. Berry makes the number 10,000, 
but even this is but small beside the 
number of living species. Wieland thinks 
that at the beginning of the Cretaceous 
40,000 species of flowering plants may 
have existed in the world. Only the 
Pteridophytes and the Gymnosperms, of 
living classes, have gone down in numbers 
since the Permo-Trias, and all the rest 
have increased. He then calculates the 
rate of evolution from these figures, and 
comes to the conclusion that one species 
in 80 years would be sufficient — a figure 
which offers an interesting comparison 
with my estimate of one in 50 years, and 
Mr. Yule’s of one m 15 to 30 years. 

Miss Chandler has published some very 
interesting work upon the geological his- 
tory of StratioUs (3), showing that it 
has usually been represented by one species 
only on each geological horizon. The 
differences between two successive species 
are hardly explicable otherwise than by 
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mutation, and they have no apparent 
reference to usefulness, proceeding for 
example from a testa with tubercles in 
rows to a testa with scattered tubercles, 
and finally to the existing S, aloides with 
none. It is specially noteworthy, how- 
ever, that the tubercled and smooth forms 
of S. aloides have been found in the same 
geological horizon, e.g., from samples of 
the Cromer Forest Bed at Beeston, and it 
looks as if they might have been in exist- 
ence at the same time. The impression 
one gathers is as if the whole species 
perhaps changed simultaneously, or nearly 
so, and as one can see no use-relationships 
in the characters that have changed, there 
may have been some internal force, of an 
orthogenetic character, regulating it. In 
this connection, Hurst^s work is of very 
great interest, and will be mentioned 
below, while attention should also be 
drawn to that of Rosa (lo, ii), though 
space will not allow of its detailed con- 
sideration. According to him, species 
change over their whole area, tending to 
continual dichotomous splitting, one new 
species being rather progressive, the other 
the reverse. The “future” open to these 
species becomes continually less and less 
as the splitting goes on. 

Hurst's work (i6) goes far towards an 
explanation of many things that have 
always been stumbling blocks, providing 
a new standard for classification, and 
showing that the species arise in the 
genus Kosa to a great extent by loss of 
chromosome septets, each septet carrying 
with it a considerable number of charac- 
ters. This indicates that the origin of 
species one from another by single steps — 
one of the implications of the hypothesis 
of Age and Area which is strongly sup- 
ported by the facts of geographical dis- 
tribution, and for which I have contended 
since 1307 — is a highly probable event. It 
also indicates that the origin of the same, 


c?r very similar species, in two widely 
separated regions, is by no means an 
impossible event. 

Another geological paper which bears 
on the subject is that of Woodhead (3z). 
The last paragraph states ‘These studies 
of the Pennine Peat indicate that the 
species found at the base, and presumably 
the oldest in the area, are the same as 
exist on the moors today; further that 
they have now the widest distribution, 
and extend into the Arctic regions. It is 
suggested that as the Southern Pennines 
was an unglaciated area during the Ice 
Age, these moorland species would for 
the most part persist through that period. 
As the ice receded, many of these would 
serve as efficient colonizers and extend 
their bounds. Maps indicating their dis- 
tribution in detail, show that they occupy 
a larger area than any other group of 
native species. This generalization also 
applies to the whole county of Yorkshire, 
thus from a different line of enquiry sup- 
porting Willis’s contention of Age and 
Area, that the plants which occupy the 
greatest area in a given country, at a given 
time, are the oldest plants in that area.” 

Important evidence has also been given 
by Guppy (ii), who shows that the Ca- 
nary Islands display a double endemism, 
that peculiar to the group (about 400 
species), and that which it shares as a 
member of the Macaronesian region in- 
cluding Madeira, the Azores, and the Cape 
Verde Is. (about 50 species). On the 
hypothesis of Age and Area, the latter 
will be the older, and in actual fact they 
prove to be what are often called the Ter- 
tiary relics of these islands (though by 
the way they show no signs of dying out), 
while the former are endemic species of 
more recent Mediterranean genera. Not 
only are the Macaronesian endemics dis- 
tributed outside the Canaries to the other 
islands mentioned, but also, just like the 
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Ceylon-Soutli-Indian species in Ceylon, 
they are more widely distributed in the 
Canaries themselyes than the younger 
endemics of Mediterranean forms, occur- 
ring on an average in 3.5 islands each, 
while the latter only occur in 1.7. 

He quotes Pitard and Proust as describ- 
ing the origin of species from the widely 
ranging polymorphous species: e.g., Mi- 
cromeria varia occurs all over the islands, 
while there are 15 endemic Micromerias 
confined to one, 3 to two, and i to three 
islands. He quotes my paper of 1907 
(2.6) in this connection. 

Dr. Willey (14) gives an interesting 
table showing the frequency in capture by 
townet in the Gulf of Guinea of those 
Copepods found only there (average fre- 
quency 1.8) and those that also occur in 
the Great Acadian Bight (average fre- 
quency 51.7, lowest 5, highest 106). He 
also finds some evidence of the theory 
developed by Guppy and adopted by my- 
self that a dominant species of wide range 
may throw off mutants and continue on its 
course. 

Broekens (i) has carried out a useful 
piece of work in which Age and Area is 
put to a test which it may legitimately 
be supposed to bear, and where it is used in 
conjunction with morphology and with 
other lines of work. Taking a middle 
line with the comprehensiveness of the 
genera, he finds that the family Onagra- 
ceae contains 10 monotypic genera, all 
confined to warm America, as are also the 
7 genera with 3 to 6 species. Taking 
size of genera as well as area occupied and 
working with 17 genera, all these there- 
fore may be supposed to be young. There 
remain 11 genera; of these Cinma (7 spp.) 
is widely distributed through the North 
Temperate Zone (Europe, Asia, America). 
Boisduvalia (8) is confined to California, 
Peru, and Chile, and is thus probably 
younger, though it is not safe of course to 


draw conclusions from single cases. Lo~ 
p^ia (12.), confined to Central America, is 
pretty certainly younger, and probably 
Chamissonia (15) in the United States, 
Peru, and Chile. Next come Gattra and 
Godetia (each zo) chiefly confined to 
Mexico or California, and therefore quite 
probably young, whilst Ludwigia (10) is 
cosmopolitan, and therefore probably old. 
The last four genera are Jmsuua (40, or 
if united to Ludwigia, as is often done, 60), 
cosmopolitan in warm countries, and with 
one species, /. sujfruficosa, almost covering 
the generic range; Fuchsia (60) in America 
with a subgenus in New Zealand, and 
therefore probably also old; Eplobium 
(160), cosmopolitan in temperate and cold 
regions, with some species of enormous 
distribution; and Oenothera (51), confined 
to America, and therefore quite probably 
comparatively young. 

From these an application of Age and 
Area (noting however that one is working 
with single genera to some extent, which 
is somewhat risky) picks out the group 
Jussieua, Ludwigia, Eplobium, and Circaea 
as probably the oldest. All the others, 
except Fuchsia, are confined to America. 

Applying next the morphological 
characters and structure, for example the 
length of the calyx-tube, he obtains con- 
firmatory evidence that points to Jusskua 
as the oldest genus, especially when 
Ludwigia, which has as primitive charac- 
ters in many respects, is united to it. 
Into the further details of this interesting 
paper we cannot go, but it requires special 
mention as a good example of work in 
which Age and Area is temperately used. 

Following the general lines of my work 
upon the various invasions of New Zea- 
land by plants, Matthews (17, 18) has' 
begun a series of papers upon the British 
flora. Dealing first with the flora of 
Perthshire, he points out how the various 
species show graduation into progressive 



AGE AND AKEA 


5^7 


arithmetical series, like the flora of New 
Zealand. At the first glance, they do 
not seem very regular, but if one separates 
the alpines from the lowland plants, this 
difficulty disappears. There are no en- 
demics of course in Scotland, but the figures 
show their chief concentration at the 
mouth of the Tay, and it is up that valley 
that the invasion of the Highlands by 
Southern forms has proceeded. In later 
papers he deals with the British flora as a 
whole, taking in the first the a66 plants 
confined to England and Wales. These 
are found to diminish from the southeast 
in all directions north and west, and 
the figures become much more regular 
when divided into four groups, which 
show their maxima at the mouths of the 
Ouse and Thames valleys, near to South- 
ampton Water, and in the peninsula of 
Cornwall. As Mrs. Reid puts it, “Mr. 
Matthews has proved that though Age 
and Area on the surface appears to hold 
not particularly well, it is not because it 
really fails, but because it is masked by a 
disturbing cause, and when that cause is 
discriminated and eliminated, there stands 
the law fully evidenced.” 

Matthews’ second paper deals with the 
plants of England, Wales, and Scotland 
only, and he shows that the southern, 
non-alpine, forms have advanced in the 
same way as those of the previous paper, 
but further, whilst it is no longer possible 
to determine in detail the number of direc- 
tions in which they invaded. 

Femald (5) shows that the unglaciated 
areas of Gaspe and western Newfoundland 
bear a considerable number of species 
which are most nearly related to plants of 
the western Cordillera, Alaska, and 
^Siberia, though separated from them by 
about 1000 miles. Of these 22.5 species 
some 80 are endemic, a large number for a 
region in latitude 48°N., though small in 
comparison to the numbers that occur in 


places of similar or smaller size in more 
southern regions (Canaries 450, Ceylon 
790, Cuba 1000, San Domingo 1050, New 
Zealand 1100, etc). They show a vastly 
greater endemism than do the plants, 
largely of Arctic origin, which have come 
up into the glaciated regions since the 
retreat of the ice; a fact which points to 
their much greater age. They have prob- 
ably persisted in their present location 
since preglacial times. In spite of their 
great age, however, the areas that they 
occupy are very small, and we are invited 
to consider this as an exception to Age and 
Area. But the fact of their extreme locali- 
zation only goes to show that their rate 
of dispersal is slow, even if not all but 
entirely held up by the barrier formed by 
the change of climate that has occurred. 
One cannot, as required by Age and Area, 
add these species together in groups of 
ten close allies, for they largely belong to 
different and scattered genera, nor can one 
easily compare them with other groups, 
closely allied to the first. They are 
relics, in general divorced from the asso- 
ciations to which they once belonged, 
and therefore will find distribution a 
matter of great slowness and difficulty, 
while in view of the desiccation that has 
gone on over so much of the continent 
it is probable that they are hemmed in by 
ecological barriers at no great distance, if 
indeed these barriers are not actually clos- 
ing in upon them, and exterminating them 
slowly but surely, just as appears to be 
happening with Se^mia, Cupessus macro- 
carpy and other plants. 

To turn to the last critical paper that 
I have seen, that of Femald (6), the first 
criticism that he makes compares the 
areas occupied by Dipterocarp trees with 
those occupied by Conifers, and I have 
already pointed out that as these groups 
are quite unrelated they cannot be com- 
pared. He then goes on to object because 
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my statements are taken from bok^ks 
rather than from field work. In general 
the authors of floras enter the localities 
of their species, and it is obviously impos- 
sible for me to verify them for myself, 
when I am dealing with thousands of 
species. If by the constant collection of 
rarities rather than of common species, 
the former are made to appear more com- 
mon than they should, it is surely very 
remarkable that the Ceylon edemics 
should still be of a rarity of 3.4 (r/. above) 
against z.i for the wides, the New Zea- 
land 3.4 against 1.5 for the wides that 
also reach the outlying islands. 

Knowing by long experience the great 
divergences of opinion as to the standing 
of this or that form in specific or generic 
rank, I have never attempted any criticism 
of the species with which I have dealt, 
and any criticism directed against me upon 
these grounds (and there is a great deal) 
should be directed against the authors of 
the floras which I have used. If I criti- 
cize one species, I must criticise all, and 
lifetimes would not suffice, nor would 
anyone admit that my criticisms were 
justified. Further, I have pointed out 
above that species-splitting (I have always 
followed the general lines of Linnean 
species set by Sir Joseph Hooker) really 
lends great support to Age and Area, 

Another criticism refers to the work of 
Prof. James Small, and the latter informs 
me that, as indeed is clear in his article, he 
did nof employ Age and Area in his selec- 
tion of the Andean region for the origin 
of the Composites, but his own cartogra- 
phic method (r/. his “Origin and De- 
velopment of the Compositae” pp. 246^ 
7, 2.50-51, Z57, and Carplithus hyosmti- 
formts Berry). 

The criticism of my use of such papers 
as those of Taylor upon the endemics of 
New York is answered by what I have 
said above, that I exercise no criticism 


upon what I use. The two families that 
I have myself studied in the field, giving 
long periods of time to each species, give 
very strong evidence in favor of Age and 
Area, as I have shown (AA, p. 31), and 
hope to show in more detail in later 
papers. 

In dealing with sizes of genera, Prof. 
Femald takes them in a miscellaneous 
way, and does not compare them each in 
groups with groups of close relatives, and 
is again attempting to apply statistical 
methods to individual cases. If in the 
world at large six closely allied genera 
occupy areas (or have numbers of species) 
represented by 10, 8, 8, 6, 4, 3, and six 
more, closely allied to the first six, by 
7, 7, 6, 6, 5, 5, and yet another six, closely 
allied to both, by 6, 5, 4, 4, 3, 3, then the 
total areas (or species) will be 39, 36, 
and 15. From these results I should say 
that it was quite impossible to decide 
which of the first two grou-ps as a whole 
was the older, but that both were with 
some probability older than the third, 
though six is a somewhat small number to 
work with. It is quite impossible, how- 
ever, to place individual genera in order of 
age, or to compare any genera except with 
their closest relatives. The rules of Age 
and Area &c cannot be indiscriminately 
applied, and applied alone; they must be 
used along with all other possible evi- 
dence. We know so little about the evolu- 
tion and distribution of plants that we can- 
not afford to neglect anything that may 
help in elucidation. When one comes to a 
genus like Carex^ so overwhelmingly larger 
than its most closely related forms, one 
is naturally tempted to infer that it may 
be older than they, but when one adds it 
to a few close relatives, one does not feel, 
so sure. Taking figures from Die NatHr- 
Uche Pflan^enfamilien, one finds the six 
Cariceae to average 90 species each, the 
six Sclerieae 18, the six Hoppieac 5, the 
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four Gahnieae ij, and the sixteen Rhyn- 
chosporeae xo. From these figures one 
feels inclined to say that the Cariceae are 
as a whole the oldest group, and one must 
then go on to take the areas occupied, 
when one again finds them on the average 
covering the largest areas. But out of 
the many Rhynchosporeae one can pick 
as many and as widely distributed genera 
as the whole of the Cariceae, so that in 
the end one is led to the conclusion that 
the Cariceae are probably as a whole the 
oldest of the smaller groups, leaving the 
Rhynchosporeae out of consideration. 
But more probably the latter are really 
more nearly allied to the smaller groups 
than are the Cariceae, so that it is rather 
the latter that one should leave out of 
consideration, looking upon the Rhyn- 
chosporeae as not improbably the oldest, 
as a whole, of the remaining groups. And 
one must go on to apply all the resources 
of taxonomy, palaeontology, cytology, 
and the rest, to the question. 

With regard to the protean genera like 
Rosa, the explanation seems to me to lie, 
with great probability, in Hurst’s work 
upon this genus (i6). If confirmed by 
work upon other similar genera, this work 
will create a wholly new outlook upon the 
problems of geographical distribution, 
while at the same time it affords strong 
evidence in favour of some of the impli- 
cations of Age and Area, which are prob- 
ably one of the reasons why it is looked 
upon by so many with disfavor. For 
example, take the differentiation hypothe- 
sis, as it has been outlined by Huxley (15), 
and more fully elaborated by Guppy in 
various books and papers (especially la, 
13, and 10), postulating a primitive type 
widely ranging in days when the surface 
of the earth and the climates were more 
uniform, and then differentiating, with 
the differentiation of climates that has 
gone on, into many other genera and 


spiles whose range is less wide, as their 
age is less great. In some cases the origi- 
nal genus, or something very like it, 
seems to survive, as with Sensdo in the 
Compositae (AA, p. lyx), but sometimes 
it has become broken up as in Moni- 
miaceae. But this whole subject will 
probably require great revisi6n by aid of 
cytological investigation. The primary 
differentiation of Rosa, and its adaptation 
to more differentiation of climates, seems 
to go hand in hand with the loss of septets 
of chromosomes, each septet largely car- 
rying with it adaptability to some particu- 
lar climatic conditions. Hurst’s map of 
the distribution of diploid and polyploid 
species is very instructive in this connec- 
tion, showing the greater ranges of the 
older polyploid species, and the detailed 
work promised will be looked for with 
great interest. Incidentally this work 
also goes to show that it is by no means 
impossible that the same species — as far 
as chromosome characters are concerned 
— ^might at times arise independently on 
each of the great land masses, though Dr. 
Hurst informs me that he thinks that only 
very rarely indeed would the two be abso- 
lutely identical. They would usually be 
separated as taxonomic species or varieties. 

SWAMPING AND DYING OUT 

One of the most puzzling problems 
before us is why so many genera arc 
represented in islands and other isolated 
spots by endemics only. Within the 
limits at my disposal, it is not possible to 
deal fully with this question, which re- 
quires a paper to itself. Extermination of 
the more widely distributed form that was 
presumably the first to arrive, by dying out 
or crossing, as suggested by Sinnott, will 
hardly serve as a general explanation. It 
is doubtless a parallel case to the presence 
of so many endemics on isolated mountain 
tops. In the younger islands, more espe- 
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ciail7, the genus is often represented by pne 
endemic only, while in older islands there 
are often a number, usually closely related, 
and probably derived from the first. Age 
therefore, as well as isolation, is evidently 
a factor in the problem. Miss Chandler’s 
observations on the succession of forms in 
Stratiotes doUbtless will come in here, as 
well as Hurst’s work on Rosa, and other 
papers. The problem must remain for 
the present unsolved. 

Another very moot point is the dying 
out of species. Because I have said that 
the Age and Area figures give no evidence 
of dying out, I have been accused of saying 
that no species die out — a statement flatly 
contradicted by fossil evidence. Mr. Udny 
Yule informs me that the result of a prob- 
able average dying out would be to leave 
my figures much as they are, with a ten- 
dency to pile up at the lower end — a ten- 
dency which they do perhaps show already. 
Miss Chandler’s work above mentioned 
shows how one species may succeed 
another, and the appearance of endemics 
only in so many genera in islands &c 
shows how a species may probably die 
out in a given neighborhood by a single 
(or series) mutation. De Vries, in a re- 
cent paper (4) has made an incisive study 
of this question, and Mrs. Arber and others 
have also dealt with it. Space will not 
permit of full discussion, but I am rather 
inclined to think that a comparatively 
local species may often be killed out in 
various ways, while a widely distributed 
species will tend to mutate to local species 
and varieties. Hurst’s work may throw 
light upon the whole question. 


I have sketched this article hastily in 
response to a request, as for the next few 
months my editorial and teaching duties 
will occupy all my time; and there is very 
much more that might be said, and many 
criticisms that are left unanswered. In 
general it seems to me that the objections 
to Age and Area arise (a) from the expec- 
tation of a large return for little work, 
and of a return from Age and Area alone, 
without the assistance of all other lines 
of work that are available to provide 
evidence; (f) from the misunderstanding of 
what statistics, or quantitative data, 
really are, and their consequent misuse by 
application to single cases, or their great 
complication by being applied to unallied 
forms, and (c) from a more or less com- 
plete ignoring of my provisos about 
reasonably constant conditions, the use 
of groups of allied species only, com- 
parison between close allies only, the 
effects of barriers, and the rest. I have 
tried to insist upon these upon every 
possible occasion in my book, but for 
reasons of space, and the great expense 
of publication in post-war days, have had 
to leave comparatively untouched the 
other disciplines about which I have 
spoken above. Geographical botany is 
about the most backward section of our 
science at the present time, but one may 
wait too long if one waif till the systemat- 
ists have arrived at agreement about the 
exact systematic standing and geographi- 
cal range of every form, in these days when 
man is so rapidly transforming the earth, 
and breaking up the old associations of 
plants. 
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THE PRODUCTIVITY OF LAKES 

By a. BROOKER KLUGH 
Quern s University ^ Kingston, Canada 


F rom the practical standpoint 
the most important considera- 
tion in regard to a lake is its 
capacity to produce fish, and 
this is the ultimate aim of all limnological 
studies. This problem has been attacked 
from many angles, and a sufficient amount 
of data on the hydrography, character of 
bottom, inshore vegetation, phytoplank- 
ton and zooplankton and their quantita- 
tive determination, as well as their 
chemical analysis, and on the food of 
various species of fishes, has now been 
obtained to render a survey of this field 
useful. The utility of such a survey is 
twofold ; firstly, to see if there is any single 
characteristic which can be used as an 
index of the productivity of a lake, so 
that this index-characteristic may be 
tested and its validity confirmed or dis- 
proved, and secondly, to see what are the 
chief deficiencies in our knowledge of 
the ecology of lakes, so that investiga- 
tions with the specific aim of supplying 
the lacking information may be under- 
taken. 

A lake, like every ecological habitat, 
is a complex of factors, and the productiv- 
ity of a lake will obviously depend upon 
the summation of these factors. For this 
reason the investigation of every limno- 
logical factor is of value. It is not neces- 
sary for the purpose of this brief paper to 
discuss all these factors in detail, but it 
should be clearly stated that nothing 
which is said in this paper is to be con- 
strued as minimizing the value of the very 


fullest investigation of all the factors of a 
lake. 

An examination of the literature deal- 
ing with the productivity of bodies of 
water reveals a strong tendency in recent 
years to correlate productivity with the 
amount of plankton. This is but natural, 
seeing that the great majority of young 
fishes, and many fishes throughout their 
lives, feed on planktonic animals, espe- 
cially on Entomostraca. The second tend- 
ency is to seek to relate productivity to 
the development of organic detritus on 
the bottom (Petersen and Jensen, 1911; 
Adamstone, 1914). Some authors, fol- 
lowing the lead of Putter (1909 et se^.), 
have sought to prove that the nutrition of 
many aquatic animals, including fish, 
depends, at least to a considerable extent, 
upon organic substances dissolved in the 
water. Naumann (1918 and 19x1) be- 
lieves that the chief nutriment of many 
planktonic animals (Cladocera, Copepoda, 
Rotatoria) consists of the “seston” or 
fine organic particles suspended in the 
water. 

It will be seen, however, upon close 
analysis, that none of the above really get 
to the bottom of the problem of productiv- 
ity. In the case of the phytoplankton 
it is true that a large part of the nutri- 
ment they yield is elaborated from carbon 
dioxide and water by photosynthesis, and 
it is equally true that the supplies of these 
two materials, are universally present in 
water, and the energy (sunlight) used in 
their transformation to sugars and starch 
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is likewise universally available. There- 
fore if the development of phytoplankton 
depended solely on these factors it should 
be equally abundant in all waters, — 
which is not true. It is quite evident 
that there is some factor which limits the 
production of phytoplankton, and this 
factor is undoubtedly the availability of 
clemetits which are necessary for the for- 
mation of protoplasm, especially nitrogen 
and phosphorus. In the case of organic 
compounds, whether present as detritus, 
or seston, or dissolved in the water, it is 
quite evident that they are secondary 
products, and that the manner of their 
production must be explained if we are 
to arrive at the ultimate factors in the 
productivity of lakes. 

There is, here and there, in the litera- 
ture, a suggestion that the rooted aquatic 
plants play an important part in the pro- 
ductivity of bodies of fresh water. I was 
led to make a survey of such literature as I 
had at hand, with this point in mind, by 
my observations, firstly, that entomostra- 
cans were most abundant both as to 
species and individuals, amid the rooted 
vegetation of lakes, secondly, that other 
aquatic invertebrates (protozoans, rotifers, 
amphipods, isopods, mollusks, insect lar- 
vae, etc) were abundant in such habitats, 
and, thirdly, that lakes in which I have 
found an extensive development of rooted 
vegetation, such as Lake Opinacon, and 
Burford Lake, were renowned resorts of 
the angler. 

Before giving a brief review of the litera- 
ture on the role of rooted aquatic vegeta- 
tion it may be well to summarize the vari- 
ous points in connection with the part 
.they play in the economy of lakes. 

1. Rooted aquatics, such as Elodea, 
Potamogeton, ValUsneria, Myriofhyllufn, 
NaiaSy Nymphaa, Castalia, Brassmiay Nym- 
phoides, Sagittaria, Ranunculus aquatiUs, 


Bidens hecku, Lohdia dortmanna. Poly- 
gonum amphibmm, Eriocaulon septangulare, 
etc., absorb salts, including nitrates, 
phosphates and potassium compounds, 
from the soil (Pond, 1905). When they 
decay these salts are added to the water, 
where they are available for the use of 
phytoplankton. 

i. These plants, on decay, add organic 
compounds to the water, and, as has been 
demonstrated by Artari, Khorrich, Snow, 
and myself, organic matter in solution 
augments the growth of planktonic green 
algse. 

3. These plants, on decay, contribute 
very materially to the organic detritus, 
which not only favors the growth of more 
plants, but forms the chief food of many 
aquatic animals. 

4. They provide places of attachment 
for immense numbers of slgx (Chlorophy- 
'ctx, Cyanophyceae, Diatomaceas), which 
form the food of many aquatic inverte- 
brates. 

5 . They provide places of attachment for 
the eggs of various species of animals. 

6. They serve as forage plants for some 
aquatic animals, such as some insect 
larvae (Moore, 1913) and amphipods 
(Embody, 1911). 

7. They provide hiding-places for fish. 

8. They tend to hold the soil of the 
bottom, including the organic detritus, in 
place, thus keeping it from being carried 
into water too deep for the growth of 
rooted plants. 

There are two other r 61 es which are 
often mentioned in considerations of these 
plants, and which are sometimes regarded 
as of great importance, but which I am 
inclined to regard as negligible in the case 
of lakes. These are, firstly, that they, by 
photosynthetic activity, add oxygen to 
the water. This is, unquestionably, an 
important r 61 c in the case of aquaria, and 
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it may be in the case of small, shallow 
ponds, but in the case of lakes the water, 
down to the depths at which such plants 
grow, is sufficiently oxygenated, chiefly 
by wind action, to provide for the oxygen 
requirements of any animals which live 
in such habitats. The second of these 
roles is that “they shelter fish from the 
heat of the sun.” This is, I consider, an 
imaginary role, derived from an analogy 
to conditions on land, as our studies 
of the penetration of long-wave-length 
radiation into water tend to refute this 
contention. 

Of the points mentioned above I con- 
sider the first four to be by far the most 
important, as these phases influence, not 
merely the local habitat, but the whole 
body of water. 

The following survey of literature on 
this subject is by no means complete, but 
the material presented is fairly represen- 
tative, especially as far as North America 
is concerned. 

Thompson (1856) says that “The flora 
of Pine Lake is exceedingly meager. The 
observer may row along its shore for miles 
without seeing one thrifty bed of water- 
weeds,” and Ward (1836) comments on the 
poverty of the fauna of this lake. 

Lemmermann (1837) says “Ausseror- 
dentlich wertvoll fiir die Fischteiche sind 
dagegen nach meinen Beobachtungen die 
Pflanzen mit Schwimmblattern, wie Po- 
tamogeton natans, P. crispa, P. amphibiumy 
Hydrocharis morsus rana, etcY 

Embody (1311} speaking of fresh-water 
amphipods, says “All forms were always 
found associated with vegetation, living 
or dead.” 

Moore (1313) shows that many forms of 
life are associated with the potamogetons, 
and says that “The present investigation 
affords further evidence of the economic 
value of these plants.” 

Kofoid’s statement (1303) that “The 


amount of plankton produced by bodies 
of fresh water is, other things being 
equal, in some inverse ratio proportional 
to the amount of its gross aquatic vegeta- 
tion of the submerged sort’ ’ is often quoted, 
and accepted as it stands. It should be 
observed that Kofoid was here dealing 
with Ceratophyllum demersum, a non-rooted 
aquatic which comes into direct compe- 
tition with the phytoplankton, and not 
with rooted aquatics which do not so 
compete for nitrates and other salts. 

Galtsoff (132.4) says “It has been found 
that the production of plankton can be 
considerably increased if the pond is 
drained and its bottom allowed to over- 
grow with vegetation. When several 
months later the pond is again filled with 
water the zooplankton develops in greater 
abundance.” The only reasonable ex- 
planation of this increased productivity 
lies in the materials furnished by the 
decaying vegetation, and this statement 
tends to bear out the contention as to 
one of the major r 61 es played by rooted 
aquatics. 

Moore (13x0), dealing with the ecology 
of ponds at the Fairport Fisheries Biologi- 
cal Laboratory, says that in pond iD 
“fully one-tenth of the surface has been 
covered by the large rooted aquatic 
Potamogeton ilUnomsisy' and that this pond 
produced Volvox and Bosmina in tremen- 
dous numbers, the entomostracan feeding 
on the Volvox. Wilson (1313) says that 
this same pond, zD, “contained more 
than twice as many beetle species as pond 
I, and while in the fonner seven species 
were abundant and eight were common, in 
the latter only two abundant and four 
common.” Pond iD had mats of alg^ 
but no Potamogston. Wilson also states 
that the Potamogeton increased from year 
to year until it covered one third of the 
pond, and that “the beetle fauna has 
steadily increased in number and variety.” 
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Reighard (1913) speaking of the fish 
communities of Douglas Lake shows that 
three species are characteristic of the stony 
shoals, and five species of the deep water, 
while ten species are characteristic of the 
submerged vegetation, eight of which are 
found only amid this vegetation. He 
also states that two more species — ^the 
small-mouthed black bass and the pike — 
occur at the edge of the vegetation and 
make frequent forays into it in search of 
food. 

Muttkowski (1918) finds that there is, 
in Lake Mendota, a far more varied and 
abundant fauna among the rooted aquatics 
than in any other habitat. 

Baker (1916) says “Plants not only 
afford a place for support, upon which 
snails may crawl and find a resting-place, 
but they are actually eaten as the regular 
food supply. In view of this fact the 
statement of Shelf ord (1913, p. 58) that 
‘we could probably remove all the larger 
rooted plants and substitute something 
else of the same form and texture without 
greatly affecting the conditions of life in 
the water, that is, so far as the life habits 
of the animals are concerned’ is mis- 
leading.” 

Baker (1918) under the heading “Sub- 
merged Vegetation” says “When it is 
remembered that each plant harbors a 
host of animals (mollusks, crustaceans, 
worms, insects, etc.) it is at once apparent 
that this abundant plant life forms a 
primary food supply of great value,” and 
“The greatest development of plant and 
animal life on the bottom is found within 
the six-foot contour. Of the 1,164 acres 
examined about 88 per cent of the indi- 
vidual invertebrate animals were found 

within the six-foot contour 

When we remember that fish are more 
abundant within the six-foot contour, 
where the majority of young fish live and 
most adult fish breed, the significance of 


this richness of bottom life in the shallow 
water is at once realized, and indicates that 
this is the most important depth for the 
culture of fish.” 

Some idea of the quantities of vegetation 
produced in lakes may be gained from the 
work of Rickett (1924) who states that 
from 0.2,5 c>f a square metre in &reen Lake, 
Wise., 2., 700 grams (wet weight) of sub- 
merged aquatics were obtained. 

Needham Ci9iz) speaking of submerged 
aquatics in Lake George, N. Y., says 
“In this rich mixture of weeds a very great 
number of small crustaceans, insects, mol- 
lusks, and worms, find food and shelter. 
They in turn furnish food for fishes.” 

Adamstone (19x3) says of Lake Nipigon 
“As regards animal life, and particularly 
Mollusca, the most productive parts of 
the lake are the small sheltered bays and 
the channels between islands. This is 
true, especially where the bottom is 
covered with sand or mud, on which there 
is much organic debris to furnish food 
material.” The same writer, (192.4) 
recognizes the importance of submerged 
aquatics, for among his suggestions for 
increasing the productivity of Lake Nipi- 
gon he includes “Since Lake Nipigon so 
largely lacks aquatic vegetation, amongst 
which other investigators have found 
enormous numbers of organisms, it might 
be possible to introduce species of plants 
not already found there or to disseminate 
more widely those which have already 
established themselves to some extent.” 

Evermann and Clark (1920) discuss the 
role of aquatic plants as oxygenators, as 
shade, as protection and as food. They 
state that “The vegetarian minnows feed 
upon plants or plant fragments of appreci- 
able size, and the carnivorous forms feed 
largely on aquatic insects or their larvae 
which in turn feed on the plants- The 
bluegill, which is largely a vegetarian, 
feeds directly at times upon the leaves of 
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pond-weeds (Botamogeton)^ and at otner 
times upon the little crustacean, Asellus^ 
which feeds upon the weeds.” 

The most valuable contributions with 
which I am familiar towards our knowl- 
edge of aquatic vegetation have been 
made by Pearsall, and the value of these 
papers lies in the fact that he relates the 
aquatic vegetation not only to the charac- 
ter of the bottom, but the latter tor the 
geological formations in which the lakes 
are found, and, on the other hand, he 
relates the vegetation to the fish of the 
lakes. Pearsall (1910) says “The distri- 
bution of the aquatic plants considered is 
primarily governed by the nature of the 
substratum, while the reaction of the sub- 
stratum to vegetation is controlled by 
variations in the quality and quantity of 
sediments deposited on it and by the type 
and quantity of organic matter it con- 
tains.” The same investigator (192.1) 
says “This detailed discussion shows 
clearly that the fundamental factor in 
the development of the attached vegeta- 
tion is the increase in abundance and rich- 
ness of the sediments. Not only does 
this control the types of plant communi- 
ties found, but it also limits the quantity 
of vegetation produced.” .... “As a 
lake develops, silts become richer and 
more abundant, and rooted vegetation more 
luxuriant. Hence there are increased 
areas on which epiphytic algas can grow, 
and increased shelter and food for the 
smaller aquatic animals.” ... . “It 
would thus appear that the increase in 
rooted vegetation, in the bulk of the 
plankton, and in the abundance of fish, 
are all changes to be correlated one with 
another, and ultiinately depend upon 
the topographic development of the 
lake.” 

In this latter paper Pearsall touches 
upon a point in connection with the 
English Lakes which I have observed in 
our lakes, that is. that certain fishes are 


typical of “non-silted” lakes, for instance 
trout, and others of “silted” lakes, perch, 
both here and in England, and black bass 
in our waters. He is not able to give a 
satisfactory explanation of the absence of 
trout from the “silted” or evolved lakes, 
though he suggests “the silting up of their 
stony feeding grounds” and “summer 
stagnation.” I would advance, as a ten- 
tative suggestion, the competition of the 
perch, bass, and other predaceous fishes 
which flourish in evolved lakes. Since 
this is a most important question in regard 
to fish culture in North America every 
effort should be made to arrive at definite 
conclusions concerning it. 

Menzies (192.5) states that the young 
salmon (smolts) grow far more rapidly 
in silted streams than in rock-bottomed 
ones, and that their growth rate is cor- 
related with the geology of the region 
in which they occur. 

The aim of this brief paper is, as was 
stated at the beginning, to see if we could 
get any suggestions as to an “index 
character” of the productivity of lakes. 
It would appear that the amount of rooted 
submerged vegetation may be such an 
index character, and it would seem to be 
decidedly worth while to see if this con- 
clusion is valid. If it is, we have here 
an index character which can be “read” 
far more easily and quickly than factorial 
measurements or plankton estimations, 
and this will be of special value in a 
country such as ours where inland waters 
are both numerous and spread over a large 
territory. Moreover, if it is definitely 
proved, by quantitative studies, that the 
rooted aquatics play a major r 61 e in the 
productivity of lakes it should be possible 
to introduce them in suitable places, if any 
such exist which are not yet occupied by 
them, or even to change limited areas of 
bottom, by diminishing wave-action or 
bringing in soil, so as to render such areas 
suitable for their develot>ment. 
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A STATIC THEORY OF HEREDITY 

Being a review of The Theory of the Gene 
by T. H. Morgan. New Haven (Yale 
University Press), 1316. 6| x 9I; xvi 
+ 343. $4.00. 

By Julian Huxley, Kings College, University 
of London 

The very title of this book provokes 
to historical reflection. Some biologists 
have fought against the term gene because 
it recalled Darwin’s hypothesis of pan- 
genes, that edifice of speculation which the 
great naturalist, as he himself wrote, felt 
constrained to advance in spite of the 
absence of any confirmation in fact, be- 
cause of the imperious need which his 
mind felt for some intelligible mechanism 
of what was then the “great mystery” 
of heredity. Today, not only has the 
word gene come to stay, but Morgan can 
quite justifiably give his book this proud 
title, safe in the assurance that the theory 
of the gene is now as fundamental for 
biology as is the theory of evolution it- 
self, something which in spite of possible 
modifications will always have to be 
reckoned with as an integral part of the 
science, like the theory of stratigraphical 


succession for geology, or the atomic 
theory for chemistry and physics. 

Put in most general terms, a theory of 
genes implies a particulate theory of life. 
It implies that the hereditary constitution 
of organisms is not an indivisible whole, 
but an organization of units or factors 
which can be taken apart and recombined 
in very various ways, in precisely the same 
way as, on the atomic theory, a chemical 
compound is not something indivisible, 
but an organization of units which can be 
taken apart and recombined in other ways. 

There have been a great many other 
particulate theories of life. But all these 
were alike in being the purest specula- 
tions, incapable of confirmatory test, 
merely ad hoc explanations. Weismann’s 
great edifice of theory comes in a slightly 
different category. True that his ids and 
determinants were wholly speculative 
entities; and true that it has turned out 
that these particular speculations were 
incorrect. But at least he did attach his 
speculations to something tangible, by 
locating his units in the newly-investi- 
gated chromosomes; and this guess has 
proved to enshrine the truth. 

Meanwhile Mendel had taken the first 
step towards the modern theory of the 
gene. He had demonstrated that, in 
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certain cases, the inheritance of visible 
characters depended upon invisible fac- 
tors, which must be units, must be sepa- 
rable from each other and must behave in a 
precise and regular way, capable of being 
prophesied beforehand. On the other 
hand, he failed (because of technical 
difficulties which he could not then ap- 
preciate) to extend his results to certain 
other forms. Naudin had also attained 
very similar results, but not only did he 
also fail to generali2e them, but they were 
never as clear-cut as Mendel’s, and his 
proof of the existence of unit-factors was 
never rigorously complete. 

There the matter rested for nearly forty 
years. Bateson was on the verge of dis- 
covering the existence of unit-factors for 
himself, when their existence, in Mendel’s 
work, was re-discovered in 1900. It was 
characteristic of Bateson that he never 
dreamt of pressing his claims to inde- 
pendent discovery, but himself became the 
protagonist of Mendel as the founder of a 
new branch of science. From that day, 
only a bare quarter of a century ago, to 
this, progress has been rapid. Looking 
back we can see that there have been four 
or five main advances, each demanding a 
period of years. It will clarify our per- 
spective to recall them. 

First there was the extension of Men- 
del’s ideas to all kinds of organisms and 
all kinds of organic characters. In this, 
Bateson was the protagonist, and the 
second edition of his MsndeVs Principles of 
Heredity, published in 1909, may be taken 
as marking its close. By then it could be 
clearly seen, by all those with eyes to see, 
that the existence of hereditary unit-fac- 
tors was not an isolated or exceptional 
fact, but was the rule in at least all higher 
animals and plants. 

Arising out of intensive and extensive 
survey came, as was inevitable, a modifica- 
tion of the original simplicity of Mendel’s 


*twg"laws. Bateson and Punnett dis- 
covered what we now know as linkage. 
They also discovered mutually-interacting 
factors, multiple factors, incomplete 
dominance, reversal of dominance, and 
other complications. 

Meanwhile, quite independently, prog- 
ress had been made along the line already 
taken by Weismann of linking on the 
invisible hereditary factors to the visible 
machinery of the chromosomes. Sutton 
very early put forward the view that Men- 
delian factors were located in particular 
chromosomes; this was ably defended by 
numerous other cytologists, particularly 
in America, but convincing proof was 
lacking. 

The close of the first decade of the 
twentieth century was marked by notable 
advances . Johannsen in Denmark clinched 
Weismann’s views on the need for dis- 
tinguishing between inherited germinal 
variations and non-inherited somatic var- 
iations, by his beautiful analysis of 
variation in pure lines in beans. Don- 
caster discovered sex-linked inheritance, 
and was quick to connect it with the 
cytological facts concerning sex-chromo- 
somes. 

Here closes the second chapter of Men- 
delism. The next chapters alter the 
character of the theory itself and inaugu- 
rate what we may call neo-Mendelism. 
The great advances here fall in the second 
decade of the century. They begin with 
the discovery of Drosophila as an ideal 
genetic material, and are due chiefly to 
Morgan, Bridges, Muller and Sturtevant, 
working in collaboration at Columbia. 

The two outstanding achievements of 
this period are, first the definite and final 
proof that the chromosomes are the bearers 
of Mendelian factors; and second that 
particular factors are situated in particular 
chromosomes and at particular positions 
within these chromosomes, so that the 
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hereditary constitution begins to appear 
as a set of definite units, arranged in a 
definite way in space, and existing in 
definite quantitative proportions. The 
most spectacular piece of work of this 
period was the mapping of the chro- 
mosomes. 

Another great advance of this period was 
the discovery of hereditary variations due 
to the subtraction or addition of whole 
chromosomes, first discovered by Gates, 
or to the subtraction or addition of whole 
genomes (complete single sets of chro- 
mosomes) as in haploid and polyploid 
individuals. The most beautiful applica- 
tions of the first principle have been made 
by Bridges in his studies of non-disjunc- 
tion, and of the latter by Wettstein in 
mosses, while Blakcslee has demonstrated 
both in operation on the grand scale in 
Datura. 

The final great advance concerns the 
nature and action of factors. This may 
naturally be subdivided into two more or 
less separate lines of work, one concerning 
the relation of factors to other factors, 
the other concerning their relation to the 
process of development. 

As regards the first, here again the 
studies of Drosophila have been all-impor- 
tant. In the first place came the studies on 
multiple allelomorphs, which demon- 
strated that one and the same gene could 
exist in a whole series of related forms, 
almost invariably causing a graded series 
of visible effects. Then came the dis- 
covery of true modifying factors, whose 
visible effects will only be produced if 
certain other genes are also present to be 
modified. Most fundamental of all. 
Bridges was able to prove up to the hilt 
(what one would have thought was a 
priori to be expected, but was as a matter 
of fact not generally accepted), that the 
sex chromosomes exerted their effects not 
per se, or as it were in vacuo, but only when 


in a certain relation with other chro- 
mosomes. 

Drosophila, of course, has two similar 
sex or X chromosomes in the female, an 
X and a Y in the male. At first it was 
generally supposed that the X carried the 
factor for femaleness, the Y that for 
maleness. Later when the Y chro- 
mosome was shown to be without any 
sex-determining power at all, it was sup- 
posed that one X inevitably produced a 
male, two X’s a female. However, 
Bridges has now conclusively shown that 
sex-determination is an affair of balance or 
proportion between X-chromosomes and 
autosomes; whenever the number of sex- 
chromosomes is equal to or greater than 
that of autosomes (X:A ^ i), the type 
is female; whenever it is equal to or less 
than one-half that of the autosomes 
(X:A S o-5)j the type is male; while 
when it is about two-thirds of the auto- 
somal number (X: A = 0.66), intersexual 
types are the result. Thus animals with 
3 sets of autosomes are female if they have 
3 X’s, as also are haploid animals with one 
set of autosomes and one X. 

Starting from this point, the extremely 
fundamental theory of ‘genic balance’ has 
been formulated, according to which a 
gene’s effect (quite apart from changes in 
the environment) depends upon the other 
genes with which it is connected in the 
hereditary constitution. 

There appear still to be some biologists 
who attack Mendelism on the ground that 
it is a preformationist doctrine. There 
was never much ground for this view: 
no serious Mendelian ever supposed that a 
factor was in any way a miniature replica 
or even representative of a single character. 
Today there is no ground whatever. The 
term unit-character itself has been almost 
entirely dropped, for the simple reason 
that characters cannot be “units;” and 
we have reached a position precisely 
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similar to that of the chemists in regard to 
the atomic composition of matter, or to 
that of philosophers like Whitehead in 
regard to the structure of objects in gen- 
eral. The hereditary constitution is not 
only composed of units in particular 
proportions and arrangement, but its 
effects are determined by these proportions 
and this airangement just as much as by 
the particular nature of the units; this 
standpoint is identical with the chemist’s. 
The properties of water are not those of 
hydrogen and oxygen added together; 
but only hydrogen and oxygen combined 
in a particular proportion will give these 
properties, while the same elements com- 
bined in a different proportion will give 
hydrogen peroxide, with quite other 
properties. 

A “character” now emerges as the clear- 
sighted have always seen it — a resultant 
of a large number of inner agencies, inter- 
acting with a large number of outer 
agencies. The term “unit character” 
should never have been used, although 
“unit character-difference” might be per- 
missible. 

The great advances of the genetics in the 
immediate future are thus likely to be in 
the border area between developmental 
physiology and genetics in the narrow 
sense. In this field, the greatest advances 
have been made outside America, notably 
by Goldschmidt with his far-reaching 
work on the genetics and developmental 
physiology of intersexuality, and Haeckcr 
with his “Phanogenetik.” Drosophila is 
an unsuitable animal for such studies, 
owing to its complete metamorphosis 
and its featureless and inaccessible larva. 
For this reason, small fish, Crustacea, 
paurometabolous insects and those whose 
larvae have abundance of structural fea- 
tures, are likely soon to usurp the centre 
of the genetic stage. Experiment will 
become more laborious, since each factor 


wilithave to be examined not for a single 
final effect, but for the type and rate of 
change which it produces; and physiology 
will be able to join hands with pure 
genetics. 

How important such studies arc likely 
to become may be indicated by a couple of 
examples. Schultz showed *that the 
albino parts of the fur in the Himalayan 
rabbit and even in some true albinos were 
not white because of a total absence of 
some colour-producing gene, but because 
the threshold for pigment-production 
could not normally be reached there. If 
part of the skin be shaved and the animal 
exposed to cold, the new hairs contain 
pigment. The normal pigmentation of 
ears, muzzle, etc. in the Himalayan, is 
thus apparently an indication, not of a 
segregation of factors during development, 
but of a lower temperature in such exposed 
areas. Again, Ford and myself, working 
with Gammarus^ have found that there 
exist different factors for the deposition 
of black pigment in the red eye at different 
rates. The slower the deposition, the 
later it begins. The deposition caused by 
one gene only begins after sexual maturity; 
thus if Gammarus were a holometabolous 
insect, it is probable that this factor would 
never be able to show any effect! One 
may also hazard the suggestion that multi- 
ple allelomorphs series exert their char- 
acteristically graded effects owing mainly 
to differences in their rates of action. 

This review of progress is in large 
measure a review of Morgan’s book: but 
we may now turn more specifically to its 
contents and his modes of treatment. In a 
brief but pithy opening paragraph he 
stresses the fact, forgotten by some and 
denied by others (generally those who 
have not taken the trouble to digest the 
evidence) that the theory of the gene 
differs from all other particulate theories 
of heredity in that previous theories in- 
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vented speculative units to whicfi 
properties could be attached, whereas, 
in this case, the facts came first, and the 
very existence of gene-units had to be 
postulated to fit the data of quantitative 
experiment. 

A straightforward presentment of the 
laws of Mendel and of linkage is followed 
by a discussion of their chromosomal 
basis, with a frank admission that genetics 
has outrun cytology as regards crossing 
over (in precisely the same way, it might 
be pointed out, as cytology at one time 
outran genetics in regard to sex-determina- 
tion). An admirable resum6 follows of 
chromosome aberrations in Drosophila, 
which is succeeded later in the book by 
a whole series of chapters on similar 
phenomena (including polyploidy) in 
other organisms. I would draw attention 
especially to the discussion on Datura, 
on Oenothera and on Mosses. 

The bulk of the rest of the book is 
taken up with an account of the determina- 
tion of sex and the physiology of its 
development. Chapters on the origin 
and nature of mutations, an excellent but 
too brief discussion of species-crosses, a 
section on gene-stability and some general 
conclusions complete the volume. The 
important recent results of botanists in 
obtaining fertile and stable new forms by 
crossing distinct species should be studied 
by every biologist interested in systema- 
tics or in evolution. 

One or two criticisms may be made. 
The section on Lamarckism should either 
have been omitted or else made consid- 
erably more exhaustive. As it is, there 
is no mention in it of the work of Guyer 
and Smith with rabbits, of Metalnikoff 
on caterpillars, of Jollos on Paramecium, 
or of Harrison on melanic moths. 

In the chapter on sex, the statement con- 
cerning Goldschmidt’s theory of the 
origin of intersexuality in Lymantria seems 


to me somewhat unfair. As is well 
known, Goldschmidt postulates that a 
“female intersex’ ’ is one which starts 
existence as a female, but later becomes 
male, and vice versa: that the precise 
moment at which the change of sex occurs 
depends upon the relative “potency” of 
male-determining and female-determining 
factors, which in its turn would determine 
the time at which the effects of one would 
catch up with those of the other. 

Morgan says that this view is bound 
up with “assumptions concerning enzymes 
that are philosophical rather than chemi- 
cal;” and that Goldschmidt’s basal 
assumption, namely that whichever 
enzyme starts first, is overtaken later by 
the other, is not a normal feature of 
enzyme behaviour. 

With regard to the latter point, Gold- 
schmidt’s “basal assumption” is hardly 
that ascribed to him by Morgan, but is 
to the effect that the rate of production of 
male and female-determining substances is 
proportional to the potency of the sex- 
factors. 

Quite apart from any such assumptions, 
however, Goldschmidt’s general conclu- 
sions are as securely based on fact as were 
Mendel’s. It does seem to be definitely 
a fact that the Lymantria intersexes do 
start life of one sex, and change to the 
other; that the moment of sex-change 
varies; and that the precise moment de- 
pends upon the balance of two hereditary 
factors or sets of factors (of which the 
male-determining is certainly borne in the 
X chromosome), which can be combined 
to give whatever results the experimenter 
chooses. Goldschmidt has, it is true, 
confused the issue by advancing a number 
of subsidiary hypotheses which are either 
unnecessary or even misleading: but this 
should not detract from his fundamental 
achievement. This fundamental achieve- 
ment, as it appears to me. Is the correla- 
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tion o£ differences between genes with 
differences between rates of developmental 
processes. 

The Morgan school have practically 
completed the essentials of what Mendel 
initiated — a static theory of heredity, 
concerning the existence and distributions 
of genetic units. Goldschmidt has here 
initiated a dynamic view, concerning the 
relation of genetic units to development, 
and I venture to say that as time passes 
we shall come to look on his work as 
fundamental for this branch of genetic 
science. 

Morgan himself tells us (p. 2.6) that 
‘ ‘the theory of the gene as here formulated, 
states nothing as to the way in which the 
genes are connected with the end-product 
or character," but adds that knowledge 
of the way in which the genes produce 
their effects would, no doubt, greatly 
broaden our ideas relating to heredity and 
probably make clearer many phenomena 
that are obscure at present. 

It is the more to be regretted that later 
(p. 3^) he speaks of the chromosomes and 
. their behaviour as going ‘ ‘far toward fur- 
nishing a mechanism of heredity" when 
what is really meant is a mechanism for 
the distribution of hereditary factors. 
The mechanism of heredity is develop- 
mental as well as distributional; and to- 
day, more than ever, this needs to be 
emphasized. 

Finally it remains to touch on the evolu- 
tionary bearings of the theory of the gene 
as here set forth. It remains an un- 
doubted fact, which Morgan frankly 
admits, that the majority of recorded mu- 
tations in Drosophila and elsewhere are del- 
eterious in their effects. The opponents 
of Mendelism, of course, seize on this 
fact and deny all evolutionary significance 
to mutations, which they dismiss with 
the epithet “pathological.” 

Morgan rightly stresses the fact that the 


majority of mutations studied by the 
geneticist are chosen by him because of 
their striking nature, and that it is likely 
that striking mutations of large extent 
will frequently be deleterious; equally 
rightly he stresses the fact that many small 
character-differences, often of physiologi- 
cal or biological value have been shown to 
depend upon inherited unit-factors. 

In spite of this there does seem to remain 
a very real difficulty. In the first place, 
we are now in a position to assume that 
every character-difference inherited ac- 
cording to Mendelian principles depends 
upon a difference between genes in the 
chromosomes. But we are not yet in a 
position to assert that all gene-differences 
owe their origin to similar causes. Be- 
cause white eye in Drosophila owes its 
origin to a single-factor mutation is no 
reason for supposing necessarily that a 
Mendelian size-difference found to exist 
between two races of corn originated in 
the same way. If Harrison’s important 
work on the induction of melanism in 
Lepidoptera is confirmed, single-gene mu- 
tations may sometimes be induced by 
specific treatments, as well as originating 
in an apparently spontaneous way. 

We should expect every specific altera- 
tion to a chromosomal unit to be inherited 
in Mendelian fashion: but the alteration 
might well be brought about in a dozen 
different ways. Thus in its present condi- 
tion, the theory of the gene is only knock- 
ing at the door of evolutionary theory. 
Over and over again it demands to be 
taken into serious account; but it has not 
yet achieved all that was at one time 
hoped for from it on the constructive 
side. 

There remains to be mentioned the puz- 
zling but important work of Sumner and 
his associates on the results of crossing 
subspecies and local races of mice. The 
results do not, at first sight, conform with 



584 


THE QUARIERLY REVIEW OF BIOLOGY 


Mendelian expectation. It is muc£i to 
be hoped that more work of this nature 
will be done on natural races. Mean- 
while, again, the incompleteness of our 
evolutionary theory is revealed. One 
positive point is interesting. Neo-Men- 
delism is coming round to lay greater and 
greater stress upon the evolutionary im- 
portance of small variations, thereby 
coming into agreement with systematic 
zoology and paleontology- It may be 
that with further analysis the antinomy 
between “mutation** and “continuous 


variation’* will be shown to have rested 
on utterly false bases! 

Meanwhile, apart from all such bear- 
ings, developmental and evolutionary, 
Neo-Mendelism has provided biology with 
a vast body of important facts and with 
tested theories of fundamental importance, 
and has been the method of familiarizing 
biologists with the necessity for rigorous, 
quantitative experiment. It is an achieve- 
ment to be proud of: and its main lines 
are ably and interestingly set forth in 
Morgan’s lucid book. 


BRIEF NOTICES 


EVOLUTION 

THE MECHANISM AND MEANING 
OF LIFE. Showing How Death Is Human- 
ity s Crime Against the Individual^ and 
Involving Evolution and the Immaculate 
Conception. 

By Granville Gates with the collaboration of 
Anne Williams Gates. 

Frederick H. Hitchcock 
$1.50 5 X 7I; 59 New York 

The essence of this contribution to The 
Higher Spiritual Biometry seems to be 
that “the man who fell by assuming two 
motives unequal in effect divided himself 
by two in spirit,’ actinic power, ‘will,* 
thought or mental action (man and 
woman); by three in ‘mind,’ decision, 
dynamic power or physical action (man, 
woman and child) and by four in ‘body,’ 
static power, potential or physical result 
(man, woman, child and humanity). 
Thus humanity is Fallen Man as a mental- 
physical whole whose past is woman or 
unconscious or physical diversity of ‘sex’ 
and whose future is in the perfection of 
child or the mental or conscious uniting 
of ‘sex.’ 

“The following therefore seems to 
express the full ‘sex’ or family relation: 


Woman ~ o.zix (Mental) (Individual 

womaa) 

Child = o.iii (Physical) (Individual 

man) 

Imperfect Man = 0.333 (Mental) (Collective man) 
Humanity = 0.666 (Physical) (Collective 

woman) 

•Fallen Man 

as a Whole = 0.999 (Mental-physical) 

“Humanity is therefore the predomi- 
nating and relatively inert constant 
(‘666’) which retards the reversion of 
its individuals to instantaneous functional 
equality.’’ (P. 30.) 

From these data the following some- 
what startling conclusion is reached: 
“The period of a woman’s true maturity 
from zz.x to 33.3 years may be said to 
be the perfectly voluntary or Christ child 
period. In this period the immaculate con- 
ception should he relatively easy physically 
and fairly easy mentally'* (P. 33.) (Our 
italics.) 

THE GIST OF EVOLUTION. 

By Horatio H. Newman. The Macmillan Co. 
$1.50 5J X yf; ix + 154 New York 

A tract of the times engendered by the 
Scopes trial at Dayton, Tennessee. Cha|)- 
ter III to XII (the end of the book) deal 
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with purely biological matters and furnish 
an excellent, brief, popular review of our 
present knowledge of organic evolution. 
The first two chapters devote themselves 
to philosophy and theology, with less 
happy results. We think that some of 
our more philosophically minded readers 
may be entertained by the following 
quotation (see page 10): “It is deeply 
to be regretted that the enemies of science 
have tried to convince their hearers that 
science and religion are irreconcilable. 
This cannot be true, for not only are many 
men of science genuinely religious, but 
many theologians and great Christian 
leaders are in entire accord with the scien- 
tific views of the time.” And still we 
hear animadversions on the depth of the 
philosophy and the precision of the logic 
of fundamentalists! 


GENETICS 

Vacant 


GENERAL' BIOLOGY 


THE NEW NATURAL HISTORY. 
Volume L 

By J, Arthur Thomson, G. P. Putnam* s Sons 
$6.00 8 X loj; 388 New York 

Perhaps there is a subtle and recondite 
plan behind the arrangement of the 
material in the first volume of this magnifi- 
cent, new, popular natural history, but if 
so it has been concealed with uncanny 
skill. The reader seems to be led about in 
an entirely casual and haphazard fashion 
among the wonders of animate nature. 
The very casualness of the sudden transi- 
tions from gorillas to ants, or from squids 
to spiders, undoubtedly adds to the charm 
of tit book for the general reader. In his 


fbr^ord Professor Thomson states that 
he has been led in this work treat of 
animals not only as threads in a quivering 
web of life, but as personalities of a sort, 
which seek after well-being, which even 
share in their own further evolution. 
And in this last word the keynote of our 
New Natural History is sounded, for, 
without formal discussion of difficult 
questions, we have sought to illustrate the 
biggest fact of all, that Animate Nature is 
a drama still going on.” As w^as to be 
expected from the author’s past perform- 
ances, the book is charmingly written and 
beautifully illustrated, mostly from photo- 
graphs. Altogether the book is an 
achievement. It should certainly be in 
every home where there are children. 
We know of no book on natural history 
half so thrillingly interesting or so 
casually unsystematic in its arrangement. 


PATHOGENESIS. 

By Carl F, Jickeli. K. Frkdlander und Sohn 
15 marks 6| x 10; xv -f 335 (paper) Berlin 
A philosophical contribution to theo- 
retical biology by a man who has never 
been a professor, but instead appears to 
have spent his life in the practice of 
medicine in a small town far from scientific 
centers. Whether there is any causal 
connection or not, there certainly seems 
to be a correlational association between 
this fact and a certain freshness and 
novelty in his discussion. The main 
tenets of the author s faith are two con- 
cepts; one of the incompleteness of 
metabolism, and the other of a principle 
of organic stability. Starting from these 
bases he synthesizes a general philosophy 
of all biological phenomena, but pays 
especial attention to the origin of disease. 
The book seems to be of no great impor- 
tance, but contains a number of ideas of 
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real interest and originality . The author’s 
knowledge o£ the literature of general 
biology is extensive, but spotty. 


DIE GESCHICHTE DER BIOLOGIE. 
Ein UberHick, 

By Erik Nordenskiold. Gustav Fischer 

Z5 marks 6i x 9I; vii + 648 (paper) Jena, 
There has long been a need for a com- 
prehensive and systematic history of 
biology, handled from a modern point of 
view. This book, which is a German 
translation of a series of lectures given at 
the University of Helsingfors in 1916 and 
1317, and subsequently published in Swed- 
ish, comes nearer to filling this need than 
any book which has yet appeared. The 
material is treated in five main divisions: 
Biology in the classical period and in the 
Middle Ages; biology during the Renais- 
sance; biology in the seventeenth and 
eighteenth centuries; biology in the first 
half of the nineteenth century; develop- 
ment from Darwin to the present time. 
There is a section on sources and literature 
and a detailed index. The book would 
have been improved by illustrations, but as 
it stands it is a worthy and welcome addi- 
tion to the literature of the history of 
science. 


JUNGLE ISLAND. 

By Warder C, Allee and Marjorie Hill Allee, 
Rand McNally and Co, 
$1.00 5 X 7^; X + 2.15 Chicago 

“Jungle Island'’ is Barro Colorado 
Island in Gatun Lake, in the Panama 
Canal Zone. This book is intended for 
children. It may be characterized as a 
series of more or less entertaining tales 
about various aspects of tropical nature. 
It is extensively but unevenly illustrated. 
The line diagrams are in the main satis- 


factory, but some of the photographs are 
so badly reproduced as to appear merely as 
black smudges on the page. This seems 
a great pity, because obviously in many 
cases the original photographs were 
excellent. There is a short chapter of 
suggestions to teachers and a glossary, 
from which the inquisitive infant may 
learn that the technical term ‘ ‘buoy’ ’ means 
“A float marking safe channels for 
ships,” and that “fumigate” is “To smoke 
out bacteria, insects, or large animals.” 
It seems a little unfortunate to have 
dragged bacteria into this latter definition. 


AVORTEMENT ET STERILIT6. 

By H, Vignes et G. Barbaro, P. Rinjard, E. 
Curot and J. Dufrenoy. 

Revue de Pathologie Comparle et d’Hygihe 

Ginerale 

8 francs 6| x 10; no (paper) Paris 
This volume reprints four papers pre- 
sented at a meeting of the Society of 
Comparative Pathology of Paris on 
November 10, 1315. The first paper, by 
H. Vignes and G. Barbaro, discusses the 
causes and mechanisms of abortion in the 
human species; the second, by P. Rinjard, 
deals with the contagious abortion of 
cattle (Bang’s disease); the third, by Ed. 
Curot, is on the pathogenesis and diag- 
nosis of sterility in domestic animals; 
the final paper, by J. Dufr6noy, is on 
sterility in plants. The first paper is the 
best in the volume, and the last the worsts 
Apparently M. Dufr6noy has never heard 
of the brilliant and fundamental work of 
East on sterility in plants. 


LA MORT ET LA BIOLOGIE. Essdi 
sur la Mort, 

By Henry de Varigny, Filix Alcan 

iz francs 4! x 7I; 303 (paper) P 
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A rather comprehensive review o£ 
existing knowledge and opinion about the 
biology of death, life duration, and 
senescence. Its authorship by the veteran 
French biologist, Henry de Varigny, 
insures, on the one hand, its general 
accuracy as to facts, and, on the other 
hand, its literary charm, for there are few 
writers of science for the people anywhere 
in the world whose literary gift equals 
that of de Varigny. The book falls in 
two parts, the first dealing with the 
various aspects of senescence and death 
in the lower organisms, and the second 
with death in the human species. It is 
an interesting little treatise. 

GOETHE’S NATUEWISSENSCHAFT- 
LICHESCHRIFTEN. Band I and Band II 

Insel-Verlag 

z8 marks Leipzig 

Band I, 885 

4i X 7; Band II, 638, 31 pp. figures 
In these two attractive little volumes, 
printed on India paper, the major portion 
of Goethe’s writings on natural science 
are reprinted. The first volume falls 
into three main divisions — an opening 
general section, followed by the papers 
on biology, which are again followed by 
those on geology. The second volume 
deals with Goethe’s theory of color and 
color vision. 

THE BACTERIOPHAGE AND ITS 
BEHAVIOR 

By F. d’Herelle (Translated hy George H. 
Smith'). The Williams & WiMns Co. 
$8.00 6x3; xiv + 6 z3 Baltimore 

This detailed technical account of the 
development of the present understanding 
of the bacteriophage, by its distinguished 
discoverer, is a welcome addition to the 
literature of general biology and im- 


mundlogy. The book is divided into 
three principal parts dealing respectively 
with the following subjects: The phe- 
nomenon of bacteriophagy; The bacterio- 
phage; The behavior of the bacteriophage 
protobe. There is a bibliography of 647 
titles, and detailed author and subject 
indices. Altogether is an achievement of 
which the author, the translator, and the 
publisher may all well be proud. 


DAS INDIVIDUALITATSPROBLEM 
UND DIE SUBORDINATION DER 
ORGANE. (Bin Beitrag xum Descensus der 
Keimdrusen der Saugetiere.) 

By Dr. Armin Muller. 

Akademische Verlagsgesellschap M.B.H. 
Marks 3.50 6 x 3; 35 (paper) Leipzig 
A highly abstruse contribution to the 
philosophy of biology. The descent of 
the mammalian testes and the organization 
of the central nervous system arc taken as 
examples illustrative of the author’s 
theory of organic pattern and integration. 

JOHANNES MULLER. Das Leben des 
Rheinischen Naturforschers. 

By Wilhelm Haherling. 

Akademische Verlagsgesellschap M.B.H. 
zz marks x 3! ; 501 (paper) Leipzig 
A well arranged and well written 
biography of a great man, which includes 
a considerable amount of new material, 
especially an extensive selection from his 
letters. It is a valuable addition to the 
history of science. 


HUMAN BIOLOGY 

THE NEED FOR EUGENIC REFORM 
By Major Leonard Darwin. John Murray 

iz shillings 5I x 8§; xvii +52.9 London 
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THE QUARTERLY REVIEW OF BIOLOGY 


This is the most extensive treatise on 
eugenics, intended for the general reader, 
that has yet appeared. The distinguished 
author is the son of Charles Darwin, to 
whose memory this volume is dedicated, 
and has been for thirteen years the leader 
of the eugenics movement in England on 
its popular side, having held during this 
period the presidency of the Eugenics 
Education Society, founded by Galton. 
While the material itself is largely based 
upon Major Darwin’s lectures and ad- 
dresses in this field, it is not merely a 
reprint but the whole has been reworked 
into coherent and unified form. The 
twenty-seven chapters range over the 
whole field of topics that have been dis- 
cussed by eugenists since the movement 
was started. As is to be expected, a great 
deal more space and emphasis is devoted 
to the negative than to the positive side 
of the subject. In the present state of 
knowledge it is much easier to write 
about race deterioration than it is to tell 
how to establish in the race desirable 
qualities. Not all biologists or sociolo- 
gists or economists will agree with all the 
positions taken by the author in regard 
to the many controverted points which 
are always necessarily to the fore in 
eugenic discussions, but at the same time 
specialists in each one of these fields, as 
well as the general reader for whom the 
book is intended, will find much in it to 
stimulate and inform his thought. The 
book is well indexed. 


THE WORSHIP OF NATURE. Vol. I 

By Sir James George Fraser, 

The Macmillan Company 
$4.00 6 X 8|-; xxvi -f New York 

This treatise by the distinguished author 
of “The Golden Bough” displays again 


his immense and profound learning. The 
book originated as a series of Gifford 
Lectures on natural theology at the 
University of Edinburgh in 1914 and 
1915, but in its printed form considerable 
additional material has been included. 
The book describes in great detail the 
manner in which primitive peoples came 
to personify and worship the Sky, the 
Earth, and the Sun, as deities capable of 
influencing human life. The extent and 
manner of development of this tendency, 
as well as its social effect, are described 
for the ancient Aryans (the Vedic Indians, 
old Persians, Greeks, and Romans). There 
next follow similar accounts for the 
ancient Babylonians, Assyrians and Egyp- 
tians, the Chinese and Indo-Chinese, and 
existing primitive races in different parts 
of the world — India, America, etc. The 
sources in the literature are extensively 
and minutely documented. The book is 
a contribution of first rate importance to 
cultural anthropology. 


MONGREL VIRGINIANS. The Win 
Tribe. 

By Arthur H. Estahrook and Ivan E. Mc- 
Dougle. The Williams & Wilkins Co. 

$3.00 5 X 7I; 105 Baltimore 

In the making of this detailed study of a 
family group in the Virginia mountains a 
geneticist and a sociologist have col- 
laborated, with distinctly good results. 
The Win family tribe is made up of morally 
and intellectually low grade people, who 
represent a combination of three divergent 
racial stocks — ^whitc, Indian, and negro. 
In part at least as a result of social ostra- 
cism, there has been much inbreeding in 
the tribe. The study has been made with 
great critical care and constitutes a valua- 
ble addition to the literature of eugenics. 
It is particularly unfortunate that a book 
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of this type, of which a major part is 
filled with detailed family records, has no 
index. 

KORPERMASZE UND KORPERPRO- 
PORTIONEN DER ISLANDER. Bin 
Beitrag ^ur Anthropologie Islands. 

By Gudmundur Hannesson. 

Fjelagspentsmidjan 
$1-50 Reykjavik, Iceland 

6f X lof; vii + X54 

This is a contribution to the original 
literature of anthropology of first-rate 
importance. The author has measured 
over a thousand male Icelanders of various 
ages. In addition to the detailed bio- 
metric treatment of his measurements, 
the author reviews all that is known 
regarding the anthropology of Iceland. 
He finds the Icelandic race to be pre- 
dominantly Nordic; tall, slender statures 
predominate, with comparatively long 
faces and light eyes. The variability in 
respect of types is nevertheless great. 
Short stature, combined with square build, 
is common. Mixed or dark eyes are not 
uncommon. He concludes that besides 
the Nordic, the Alpine race, and probably 
the Baltic race too, are to be found in 
Iceland, and very likely also the Mediter- 
ranean race, the last having been imported 
with the colonists from Scotland and 
Ireland. There is an adequate bibliogra- 
phy, but, unfortunately, no index. 


LES VARIATIONS DU CORPS HU- 
MAIN. 

By L. Duhreuil-ChamhardeL 

Ernest Flammarion 
10 francs 4i x yi; 150 (paper) Baris 
This interesting treatise by the President 
of the Anthropological Society of Paris 
discusses in a semi-popular, but authorita- 


tive manner, some of the more outstanding 
facts of human teratology, and to a lesser 
extent those concerning the normal varia- 
tions of the human body. The main 
divisions of the treatment are as follows: 
The general variations of the body 
(including such matters as ^ dwarfism, 
gigantism, etc.); the variations of the 
trunk; the variations of the head; the 
variations of the hands and feet; con- 
genital absence of the limbs; variations 
in the genital organs; variations of the 
skin. The book is rather fully illustrated 
in an interesting way but, unfortunately, 
the reproduction of the illustrations is 
inadequate. 


POPULATION PROBLEMS IN THE 
UNITED STATES AND CANADA. An 
Outgrowth of Paprs Presented at the Eighty^- 
Sixth Annual Meeting of the American 
Statistical Association, December, 1^24. 
(Publications of the Poliak Foundation for 
Economic Research No. f) 

Edited by Louis I. Dublin. 

Houghton Mifflin Co. 
$4.00 5J x 8; xi -p 318 Boston 

In this volume, made up of contributions 
by some twenty odd writers, various 
phases of population growth, and its 
connection with natural resources, im- 
migration, and the labor supply, are dis- 
cussed. As is to be expected in such a 
work, the contributions are of varying 
degrees of merit. The papers by Dr. 
Warren S. Thompson on the natural in- 
crease of population, by Prof. Don D. 
Lescohier on population and agriculture, 
and by Dr. Ales Hrdlicka on the effects of 
immigration on the American type, arc 
particularly worthy of mention. Taken 
as a whole the book is a timely reference 
work on the population problem. It is 
attractively printed and well indexed. 
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EUGENICS AND POLITICS. 

By Ferdinand Canning Scott Schiller, 

Constable and Co.y Ltd. 
8 s. 6 d. 5I X 8|; xi + ixo London 
This volume by the brilliant Oxford 
philosopher reprints a series of essays 
which he has at various times contributed 
to journals, principally the Eugenics Re- 
view. The most entertaining essay in the 
volume is the fifth, "‘Plato and Eugenics,” 
which is also the oldest, having been 
written in 1833. Altogether the volume 
is a contribution to the lighter literature 
of eugenics worthy to rank with the 
writings of Sir Francis Galton himself in 
the same vein. This is saying a good deal , 
because in many quarters the propaganda 
for eugenics has sadly deteriorated in its 
quality since Galton’s death. 


DEE. DHUVIALE MENSCH IN 
EUROPA. 

By Dr. F. Birkner. Verlagsanstalt Tyrolia 
Xssx. 5.30 5! X 8|; 148 [(paper) Innsbruck 
Considering its small size, and therefore 
necessary omission of all details, this is 
one of the best accounts of the present 
knowledge of prehistoric man that has 
come to our attention. There are Z78 
illustrations, well reproduced. The ma- 
terial is presented under four main heads, 
as follows : The material culture of pre- 
historic man; the culture of prehistoric 
man in Central Europe; the psychological 
characteristics of prehistoric man; his 
structural characteristics. The book 
closes with a short, but well chosen, 
bibliography. 

A HISTORY OF AGRICULTURE IN 
EUROPE AND AMERICA. 

By Norman S. B. Gras. F. S. Crofts and Co. 
$3*50 5I X 8|; xxvii + 444 New York 
A text-book which not only sets forth 


in considerable detail the historical facts 
in regard to agriculture and rural social 
and economic life in general, but also 
makes some attempt to elucidate the 
meaning of these facts in relation to 
human evolution. It is extensively docu- 
mented with bibliographic material, con- 
tains a detailed index, and is well arranged 
for teaching purposes. The author is 
professor of economic history in the 
University of Minnesota. 


LA FAMILLE SYPHILITIQUE ET LA 
FAMILLE CANCfiREUSE. 

By Dr. Pfeiffer (de Dijon'). Norhsrt Maloine 
I franc 6 x 3; zx (paper) Paris 

This pamphlet maintains the strange 
thesis that syphilis is the clinical cause 
of cancer. The author has studied sixty- 
six families in which cancer has occurred, 
and holds that it is always accompanied 
either by the stigmata of hereditary 
syphilis or the clinical signs of acquired 
syphilis. The evidence falls something 
short of completely proving the thesis. 


ZOOLOGY 


THE ARCTURUS ADVENTURE. An 
Account of the New York Zoological Society s 
First Oceanographic Expedition. 

By William Beebe. G. P. PutnamL Sons 
$6.00 6| X 3I; xix + 439 New York 

The author of this book is able to 
combine business and pleasure more skill- 
fully and successfully than any other 
scientific man ever known. In reading 
this gorgeously illustrated and beautifully 
printed volume there is an intensive im- 
pression of Beebe's unfailing joyousness 
in his work. His attitude towards his 
science is extraordinarily like that of 
Benvenuto Cellini towards his art. This 
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book is easily the best of the author’s 
popular writings. It is essentially a lay- 
man’s log of the expedition of the 
Arcturus, lavishly outfitted for a general 
zoological and occB,nogtSiph.icreconnaissance 
in American tropical waters. Whatever 
scientific results the expedition may have 
achieved will be separately reported in 
other publications. In this volume are 
presented many observations of animal 
behavior, particularly that of the enter- 
taining mammal, William Beebe. 


ANIMAL ECOLOGY. 

By A. S. Pearse, McGraw-Hill Book Co. 
$4.00 6 X ix + 417 New York 

There has been for some time a need for 
a systematic treatise on animal ecology. 
This work has been written to fill this 
need. After an introductory chapter 
largely concerned with definitions, the 
following topics are discussed: Physical 
and chemical ecological factors; biological 
factors; succession; animals of the ocean; 
freshwater animals; terrestrial animals; 
the relations of animals to plants; the 
relations of animals to color; intraspecific 
relations; interspecific relations; the eco- 
nomic relations of ecology. There is an 
extensive bibliography, arranged alpha- 
betically by authors, covering some thirty 
pages. Curiously enough, the book con- 
tains no illustrations. We believe it to 
be unique among treatises on ecology in 
this respect. It is a well written and 
useful addition to the literature, without 
being in any sense profound, or particu- 
larly original. 

BRITISH BIRDS. (Volume III) 

By Archibald Thorburn. 

Longmans, Green and Co. 
$5.50 6 X 9; X 4 " 169 New York 

The first two volumes of this important 
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work have already been noticed in earlier 
numbers of The Quarterly Review of Biology. 
The third maintains, and perhaps even 
surpasses, the high standard of quality set 
in the other two. Perhaps pne reason 
why the plates seem more beautiful in 
this volume than in others is that the 
ducks, pheasants and grouse lend them- 
selves particularly to artistic ends. The 
48 plates in this volume illustrate birds 
belonging to the following orders : 
Herodiones, Anseres, Columbae, Pterocletes, 
Gallinae, Grallae, sub-order Fulicariae, sub- 
order Otides, and Limicolae. The reproduc- 
tions of Mr. Thorburn’s wonderful paint- 
ings are superb. He attributes the marked 
increase in ducks nesting in Britain to 
better protection through recent game 
laws. We wonder just how great a part 
this particular element in the total 
ecological situation has really played in 
producing the observed result. 


DIE TIERWELT DER NORD- UND 
OSTSEE. (Lieferung I, II and III) 

Edited by G. Grimp and E. Wagler. 

Akademische Verlagsgesellschaft M. B. H. 
Lieferung I, 4.80 marks Leipi^ig 

6 X 8J; 79 (paper) 

Lieferung II, 4.50 marks 

6 X 8|; 7Z (paper) 

Lieferung III, 7.80 marks 

6 X 8J; 100 (paper) 

The aim of this new series is to give a 
comprehensive, fully illustrated account 
of the fauna of the North Sea and the 
Baltic, with particular attention to the 
ecology and biology of the animals living 
in these waters. It is expected that the 
work will be completed in about three 
years and will include, all told, about iio 
signatures. The first three parts now at 
hand deal with the following groups: 
Opisthobranchia and Pteropoda by H. Hoff- 
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an; Scafbopoda hy T. van Benthem Jut- 
tig; AmpUUa and ReptiUa by R. Her- 
ns; Noctiluca by A. Pratje; Teleostei 
hysoclisti and Heterosomata by W. Schna- 
snbeck; Echiuridae^ Sipunculidae, Friar- 
ulidae by W. Fischer; Eyiteropneusta by 
J. van .der Horst; Fantopoda by J- 
leisenheimer. The illustrations are line 
uts in the text and are in the main dia- 
ratninatic. So far as may be judged from 
he present parts the work will be, when 
ompleted, a useful reference source. 


BATTLES WITH GIANT FISH. 

By F, A. Mitchell-Hedges, 

Small Maynard Company 
$5.00 6 X 9; 300 Boston 

A most entertaining account of the 
author’s adventures during two years of 
fishing in the Caribbean Sea and the 
Pacific Ocean . It is abundantly and rather 
thrillingly illustrated with photographs 
taken by Lady Richmond Brown, who 
accompanied the author on his expedition. 
Throughout the book there is an obvious 
effort to impregnate the tale with a 
flavor of scientific research, but actually 
the only records of any permanent value 
are of the enormous sizes to which some 
fish may attain, particularly the cartilagi- 
nous fishes (sharks, rays, etc.). There is 
no need, however, for the reader to be 
inhibited by any consideration of this 
book as a scientific treatise. If he will 
simply regard it as a tale of adventure he 
will be rewarded by excellent entertain- 
ment and some real thrills. 


200 L 0 GISCHES WORTERBUCH. 

By Dr. Erwin Hirsch-Schweigger, 

Walter de Gruyter and Co. 
xG R. M. 5! X 7I; viii + 6z8 Berlin 
This well illustrated zoological dic- 


tionary will be found a valuable addition 
to any library. The system of cross- 
referencing is extremely well conceived 
and carried out to a fineness of detail that 
we know of in no other technical dic- 
tionary. Pronunciations of technical 
names are indicated by the use of accents. 
American readers will find some of these 
indicated pronunciations different from 
the accustomed usage here. But this 
is a trivial defect. Altogether we recom- 
mend this dictionary highly, especially 
to high school and college departments 
with meager library facilities. It is a 
pity that there is no such work in English. 


THE BOOK OF THE RED DEER. 

Edited hy John Ross, 

Simpkin, Marshall, Hamilton, Kent and Co., 

Ltd. 

10 s. 6 d. 8J X io|; 161 London 

This is an entertaining, well produced 
contribution to the literature of big game 
hunting. There are twelve chapters con- 
tributed by as many different writers. 
The major portion of the book is devoted 
to the red deer of Scotland. While 
written in a popular vein, mammalogists 
will find a good deal in it of interest. 
An appendix contains a detailed list of all 
the deer forests in Scotland, with state- 
ments as to area, ownership, etc. 


EMPIRE BIG GAME. 

Edited by Hugh Gunn. 

Simpkin, Marshall, Hamilton, Kent and Co., 

Ltd. 

10 s. 6 d. Six io|; xxS London 

This is a companion volume to the one 
reviewed immediately above, constructed 
on the same plan, and carrying in some 
part the same material. Primarily, how- 
ever, this volume is devoted to the big 
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game of the outlying parts of the British 
Empire, including Canada, Newfound- 
land, Australia, Africa, India, and 
Malaysia. These are contributed by dif- 
ferent authorities on the hunting and 
wild life of these regions. Both volumes 
are illustrated with excellent photo- 
graphs, and may well find a place on the 
shelves of any library of natural history. 


AN ACCOUNT OF THE CRUSTACEA 
OF NORWAY. With Short Descriptions 
and Figures of all the Species. Volumes VIII 
and IX. 

By G. 0 . Sars. 

FuUished hy The Bergen Museum^ Bergen; 
sold by Alb. Cammermeyers Forlag, Christiania 
Vol. VIII, Kr. 15,00; 

8 X III; 91 (paper) 

Vol. IX, Parts i-iz, Kr. 30,00 
8 X ii|; 176 (paper) 

In Volume VIII of the author’s great 
work on the Crustacea of Norway the 
Monstrilloida and Notodelphyoida are set 
up as distinct divisions of the Copepoda, 
and the following families are placed 
under them and described: Thaumatopsyl- 
lidae, Monstrillidae, Notodelphyidae, Doro- 
pygidae, Buproridae^ Ascidicolidae^ Botryl- 
lophilidaey Enterocolidae. 

Volume IX begins an account of the 
Ostracoda, and in the parts so far issued the 
following families are discussed: Cypri- 
dinidae, Conchoeciidae, Polycopidae^ CythereL 
lidae, Cypridae, Cytheridae. 


MEMORIAS DO INSTITUTO DE 
BUTANTAN. 192.5. Tome II—Fasciculo 
Unico. Contribution d V etude du venin des 
araignees, par les Drs. Vital Brazil etj. 
Vellard. Un nouveau genre et deux esphes 
nouvelles d' araignees de V et at de S. Paulo, par 
le Dr. J. Vellard. Immunisation anti'- 


thanique par la mithode toxoide-toxine, par le 
Dr. J. Lemos Monteiro. Les dijferentes 
phases de V autolyse du “B. anthracisf' par 
le Dr. J. Lemos Monteiro. Immunisation 
per os contre le hacille de Shiga. Contribution 
h r itude du mecanisme de V immunite, par 
le Dr. Eduardo Va:^. • 

Instituto de Butantan 
7 X 10; 1 19 (paper) 

Sdo Paulo, Bra:(il 
The chief general biological interest 
of this volume lies in the first two memoirs 
which take up about three-quarters of 
the space. They deal with the poisonous 
spiders of Brazil and their venom in a 
thorough-going, systematic manner. 

The volume is a welcome addition to the 
reference shelves of any zoological library. 


NOTE D’ORNITHOLOGIE. Remarques 
et Observations sur F Habitat, les Moeurs, la 
Migration, etc., de la Bkassine Double 
(Gallinago media Frisch, 

By Paul Petitclerc. Editions Bossard 

45 francs Paris 

7I X 9I; 89 + 3 plates (paper) 

A monographic account of the solitary 
or double snipe, illustrated with three 
fine photogravure plates. After a descrip- 
tion of the external morphology of the 
bird, such matters as habits, flight, migra- 
tion and local distribution are discussed 
in detail. Finally, to round out this 
excellent monograph, a section is devoted 
to the culinary importance of the double 
snipe, clearly indicating that the author 
is a gentleman as well as a scholar. 


DIE HAUSINSEKTEN UND IHRE 
BEKAMPFUNG. 

By Max Dingier. Paul Parey 

Rm. X 5x7!; 96 (paper) Berlin 
This little popular treatise on insect 
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pests of the household, and methods ot 
controlling them, is of precisely the same 
character as the practical bulletins which 
the United States Department of Agricul- 
ture distributes free to residents of this 
country. 

MANIPULATIONS ZOOLOGIQUES 
A Vusage du P. C. N., des Ecoles Normaks 
St des Candidats au Brevet su-pmeur et au 
Professor at des £coles Normales. 

By Leon Bertin and Amelie Boisselier. 

Les Presses Universitaires de France 
xo francs yi x 9I; x + 335 (paper) Paris 
A laboratory manual for a course in 
zoology, roughly corresponding in content 
and depth to the zoological part of Ameri- 
can college courses in general biology 
plus vertebrate comparative anatomy. 
It is extensively illustrated, chiefly with 
schematic diagrams. There is a detailed 
glossary of technical terms. 


DISEASES OF DOMESTICATED BIRDS. 
By Archibald R, Ward and Bernard A. 
Gallagher. The Macmillan Co. 

$3.2.5 X 9I; xii -|- 333 Hetv York 

A practical treatise on poultry pathol- 
ogy, developed along conventional lines, 
but bringing into the account of each dis- 
ease the results and observations reported 
in recent literature. The book is fairly 
well illustrated and has author and subject 
indices. 

PALAEONTOLOGY. Invertebrate. 

By Henry Woods. The Macmillan Co. 

$3-50 5X7J;4Z4 Hew York 

This is the sixth edition of the well- 
known introduction to invertebrate 
palaeontology, first published in 1893. 
There is a good bibliography and a de- 
tailed index. 


BOTANY 

THE NERVOUS MECHANISM OF 
PLANTS. 

By Sir Jagadis Chunder Bose. 

Longmans, Green and Co. 
$6.40 5! X 9; xix -h XZ4 Hew York 

If accepted at its face value, the evidence 
in this volume would be sufficient to 
establish the author’s thesis that there 
is present in plants a tissue which cor- 
responds in its physiological behavior to 
the nervous tissue of animals. Just as in 
his numerous former researches the dis- 
tinguished Indian botanist, Sir Jagadis 
Chunder Bose, has brought to the study 
of the problems dealt with in the present 
volume rather elaborate and highly sensi- 
tive pieces of apparatus of his own de- 
vising. The general conclusions reached 
are as follows: “It can no longer be 
doubted that plants, at any rate vascular 
plants, possess a well-defined nervous 
system. 

“It has been demonstrated that excita- 
tion is conducted by the phloem of the 
vascular bundle, and that conduction in 
this tissue can be modified experimentally 
by the same means as is that in animal 
nerve. The conducted excitation may, 
therefore, be justly spoken of as nervous 
impulse and the conducting tissue as 
nerve. 

“It has been further shown that, as in 
the animal, it is possible to distinguish 
sensory or afferent and motor or efferent 
impulses, and to trace the transformation 
of the one into the other in a reflex arc. 
The observations involve the conception 
of some kind of nerve-centre. No strac- 
ture corresponding to the nerve-ganglion 
of an animal has, indeed, been discovered 
in the pulvinus of Mimosa pudica, but it 
is not impossible that the physiological 
facts may one day receive histological 
verification. “ 
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The difficulty, of course, is that neither 
plant physiologists nor animal physiolo- 
gists are as yet inclined to accept Pro- 
fessor Bose’s evidence quite at its face 
value. But the fact that the matters 
discussed are still under judgment, and the 
subject of controversy, in no wise de- 
tracts from the interest and value of this 
well written book, as a document of 
record. 


KURZES LEHRBUCH DER ALLGE- 
MEINEN BAKTERIENKUNDE. 

By Rudolf Lieske, Gehruder Borntraeger 
G, M. 15 Bedin 

6| X 10; viii + 338 (paper) 

This is a valuable and interesting con- 
tribution to the literature of general 
biology. As the author points out, 
bacteriology began as one of the special 
fields of botany. But as soon as it was 
learned that bacteria were the causes of 
various diseases of plants, animals, and 
men the practical importance of this dis- 
covery led at once to the development of 
highly specialized subdivisions of the 
science of bacteriology, which in their 
evolution have come at the present time 
to have little relation to each other. The 
whole subject of bacteriology is now at 
the threshold of what will perhaps prove 
ultimately to have been a radical turning 
point in its scientific development. New 
and old points of view stand at the present 
time in rather sharp contrast. The object 
of the author in writing this book was to 
put into the smallest space consistent with 
clearness and sound treatment, what a 
student ought to know about the general 
biology of bacteria before he embarks upon 
one of the special divisions of bacteriology 
such as medical, agricultural, or any other. 
This task, for which there was a real need, 
has been well done by Doctor Lieske. 
The topics treated are as follows: Mor- 


phology; physiology; en2>mies; action of 
external influences upon bacteria; bacterial 
symbioses; antagonistic relations between 
bacteria and higher organisms; the bac- 
teriophage; particular biological groups 
of bacteria and related organisms; and 
technical methods of bacteriology. The 
book is well documented and ‘indexed. 


VERGLEICHENDE MORPHOLOGIE 
DER PILZE. 

By Ernst Gaumann. Gustav Fischer 

z8 marks 6| x loj; x -f- 6z6 (paper) Jena 
This systematic treatise on the mor- 
phology of the fungi by the Botanist of the 
Swiss Agricultural Experiment Station 
has as its leading idea to bring the results 
which have been obtained by bringing 
modern cytological technique to bear 
specifically on the taxonomy and com- 
parative morphology of this group. The 
opening general part of the book contains 
nothing particularly new, but is an ex- 
cellent summary of present knowledge of 
the morphology of the fungi, such as 
might appropriately find a place in a 
general text-book of botany. This is 
followed by a special part in which the 
different orders are separately discussed in 
detail. The book is well illustrated, 
thoroughly documented as to literature, 
and has a detailed index. Altogether it 
is a valuable addition to the reference 
literature of botany, although it is to be 
regretted that the treatment is so exclu- 
sively morphological. 


ROOT DEVELOPMENT OF FIELD 
CROPS. 

By John E. W^eaver, McGratv-Hill Book Co.. 
$3.00 6x9; xii + Z9I Neiv York 

This is a detailed and rather technical 
treatise on a highly specialized and 



neglected field of botany, 
roots of plants. Attention is strictly 
confined to crop plants. In the different 
agrioiltural experiment stations a good 
deal of work has been done in this field, 
but it has never before been colleaed 
together. Approximately the first half 
of the book" is devoted to general topics 
regarding root development, such as the 
soil, the morphology of roots, and the 
behavior of roots of numerous plants. 
The remainder of the book contains special 
chapters on different important crop 
plants. There is a bibliography of 2.31 
s, and an excellent index. 

THE HYDROSTATIC SYSTEM OF 
TREES. CamegU Institution of Washington 
FMicationNo, 373. 

By D.T. MacDougal. Carnegie Institution 
$1.50 Washington 

X 10; iii H- IZ5 (paper) 

This is a detailed report of the more 
recent results of the author’s extensive 
investigations on the hydrodynamics of 
the plant. The experiments here re- 
ported were performed on pine, oak, and 
walnut trees. Three mechanically dis- 
tinct regions in the trunk are recognized 
as of fundamental importance in the 
hydrostatic system of a tree. The first of 
these is a complete cylindrical shell of 
living cells in the cambial zone, through 
which nothing may pass except by diffu- 
sion through protoplasm. The second 
shell is formed by the water column ex- 
tending, under varying tensions, from the 
menisci of the transpiring cells in the 
leaves downward through the recently 
formed conduits and wood-cells to the 
root-hair zones in the roots. Finally, in 
the older central part of the stem, the 
tracheids contain air and constitute a 
third component of the system. All of the 


work column of water as the essential 
element in the hydrostatic system. 


LEHRBUCH DER PFLAN 2 ENPHY- 
SIOLOGIE. (Chmische Physiologic, Band 

n 

By S. Kostytschew, Julius Springer 

vj reichsmark Bedin 

X 9! ; vii +567 (paper) 

The first article in the author's creed 
is that the present day worker in the 
field of plant physiology must be a trained 
chemist. In writing this book he has 
assumed a rather comprehensive knowl- 
edge of organic chemistry on the part of 
the reader. The topics discussed in this 
first volume are: The bases of chemical 
plant physiology; the assimilation of the 
sun’s energy by green plants and the 
primary synthesis of organic substances; 
chemosynthesis and assimilation of 
molecular nitrogen; the nourishment of 
the plant with organic compounds; the 
nourishment of the plant with ash com- 
ponents and its significance; carbohydrates 
and proteins and their metabolism in the 
plant; secondary plant substances; respira- 
tion and fermentation. 

The book carries rather extensive docu- 
mentation of the literature and a meager 
and unsatisfactory index. It will be a 
useful and important reference book, 
which one would suppose will ultimately 
be translated into English. 


AN OUTLINE OF PLANT GEOGRA* 
PHY. 

By Douglas H. CamphelL The Macmillan Co, 
$4.00 5! X 8f ; ix 4 " 39Z Hew York 

This book is the outcome of the author’s 
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the habits of the " results of this work are stated to confirm 
Dixon’s conception of the cohesive mesh- 
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excursions, during more than thirty years 
past, into many parts of the world in 
search of material for his botanical studies. 
It seems to us that the book gains both in 
charm and in value from the fact that 
Professor Campbell is not primarily a 
plant geographer, but has approached this 
field of botany with a certain spirit of 
detachment. After an introduction which 
deals primarily with the succession of 
plants in geological time, the book dis- 
cusses the following topics in order: 
climatic zones; the North Temperate zone; 
the Palaeotropics; the Neotropical region; 
the South Temperate zone. The book is 
well illustrated, many of the photographs 
being original, and closes with a detailed 
and adequate index. It is a valuable 
contribution to botanical literature. 


STUDIES ON THE ORIGIN OF CULTI- 
VATED PLANTS. 

By N. L Vavilov. 

Insiitut de Botani^ue Appli^uie et d'Amiliora- 
tion des Plantes. 

7 X lof ; ^48 (paper) Leningrad 

This extensive and well illustrated 
monograph on the origin of cultivated 
plants by the well-known Russian plant 
geneticist presents the following topics 
in detail: Methods of determining the 
geographical centers of the origin of 
cultivated plants; geographical centers 
where the forms of the principal cultivated 
plants of the Old World have originated; 
weeds as the progenitors of cultivated 
plants; mountain districts as the home of 
agriculture; the origin of primary crops, 
in particular of cultivated hemp; the 
ecological principle in the origin of cul- 
tivated plants; geographical regularities in 
the origin of the forms of cultivated 
plants; the principal world centers of the 
origin of cultivated plants. 


KLIMA UND BODEN IN IHRER 
WIRKUNG AUF DAS PFLANZEN- 
LEBEN. 

By Henrik Lundergardh. Gustav Fischer 
24 marks Jena 

X 9I; viii + 419 (paper) 

This is a systematic textbook of ecology, 
first developed as a series of lectures in the 
Masaryk University in Briinn. After a 
brief historical introduction, the follow- 
ing topics are discussed: The light factor; 
the temperature factor; the water factor; 
the formation and general ecological 
characteristics of the soil; the physical 
characteristics and aeration of the soil; 
chemical soil factors; the microorganisms 
of the soil; the carbon dioxide factor; the 
guiding principles of experimental ecologi- 
cal investigations. The book is well 
illustrated and indexed. The author takes 
throughout the commendable viewpoint 
that since ecology is a branch of phy- 
siology the attitude of physico-chemical 
precision which has proved so fruitful in 
laboratory physiology must also be the 
manner of approach to the problems of 
ecology. 

GEOGRAPHIE DER MOOSE. 

By Th. Herzog. Gustav Fischer 

xj marks Jena 

6f X 10; xi -j- 439 + 8 plates (paper) 
This systematic treatise on the geo- 
graphical distribution of the mosses, by 
the Professor of Botany at the University 
of Jena, is divided into three parts. The 
first 74 pages deal rather briefly with such 
general matters as the comparative an- 
atomy of the mosses, and their technical 
ecological characteristics. In the two 
remaining parts the known facts about the 
geographical distribution of these plants 
are presented successively in two different 
ways. In Part II the point of departure is 
taxonomic. The facts about the distribu- 
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tion of eacL. family, and in less detail 
each genus and species, are briefly set 
down. In the third, and final part, the 
point of departure is the geographic 
region. For each such region the moss 
flora is described in detail. There is a 
bibliography of 633 titles, and detailed 
indices. The book will be a valuable 
work of reference. 


UNTERSUCHUNGEN UBER DIE 
BEDEUTUNG DER BAUMMY- 
KORRHIZA. Eine okologisch-^hysiologische 
Studie. 

By Elias Melin. Gustav Fischer 

7.50 marks 6JX9J; vi+ i5z (paper) Jena 
This is a thorough review of our present 
knowledge of the symbiotic relation 
between fungi (Mycorrhiza) and the roots 
of certain trees, together with the results 
of the author’s extensive original work on 
this problem. He has approached the 
matter experimentally and cultivated 
separately in pure cultures the root fungi 
and also the plants, and then in combina- 
tion pure cultures of the plants and fungi 
together. It is demonstrated that the 
Mycorrhixae have a vital significance for 
the plants and trees on certain kinds of 
soil. There is an excellent bibliography 
covering six pages. 


THE CLASSIFICATION OF FLOWER- 
ING PLANTS. Volume II. Dicotyledons. 
By Alfred B. Rendle. The M.acmillan Co. 
$10.50 5f X 8f; xix + 636 Heiv York 
This second volume follows the first 
after an interval of twenty years. It 
deals with the Dicotyledons . The general 
arrangement follows that of Engler’s 
Syllabus der PflanX^nfamilien. Brief, but 
adequate, descriptions are given of all 


the orders and all but a few of the smaller 
families of Dicotyledons, with frequent 
illustrations of typical forms. Special 
emphasis is given to the British flora. 
There are 179 illustrations and an excellent 
detailed index. A glossary of technical 
terms would have much enhanced the 
value of the work to all but the profes- 
sional systematic botanists. 


THE ASPERGILLI. 

By Charles Thom and Margaret B. Church, 

The Williams Wilkins Co. 
$5.00 6 X 9; ix -f 2.72. Baltimore 

A detailed, systematic treatise on the 
fungi of the genus Aspergillus. The 
authors have found, and base their account 
upon, the original descriptions of all but 
three of the known species of this genus. 
In the case of these three they were com- 
pelled to rely upon secondary references. 
The work has been done with great care 
and the book will be a valuable addition 
to the shelves of every biological labora- 
tory for, as the authors truly say, the 
Asfergilli are “the weeds of the culture 
room.” 


DIE ENTWICKLUNGSLINIEN DER 
KAKTEEN. 

By Alwin Berger, Gustav Fischer 

6 marks 6| x 10; iv 105 (paper) Jena 
A detailed, technical study of the 
phylogeny of the cacti. The book is 
abundantly illustrated with superb photo- 
graphs beautifully reproduced. The au- 
thor is of the opinion that the oldest 
cacti were tropical plants, and that early 
in their migration from the south into 
America they split into three main stem 
lines from which the present forms 
developed. 
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MORPHOLOGY 

iTUDE MORPHOLOGIQUE ET 
MORPHOGfiNIQUE DU SQUELETTE 
DU BRAS ET DE L’ AVANT-BRAS CHEZ 
LES PRIMATES. Archives de Morphologic 
GinSrak et Experiment ale . Fascicule 24 . 

By loan Gh. Bote^, Gaston Doin et Cie 
30 francs 6| x 10; 174 (paper) Baris 
This interesting monograph deals with 
the anatom7 and development of the 
bones of the arm in the primates. Its 
point of view is that of modem physio- 
logical morphology. In particular, the 
author develops his evidence to show 
that, from the morphogenetic point of 
view, bone is not strictly a passive element 
fashioned by muscle as the active element, 
but on the contrary bone and muscle 
transform themselves simultaneously in 
their development in a relation of recipro- 
cal dependence, in integration with the 
general state of organic equilibrium of the 
individual. There is a bibliography of 
171 titles. 

LA T^TE. Essai d' Anatomic Synthetique, 
Anatomic Mcdico-Chirurgicale. Anatomic dcs 
Formes Extmeures et Anatomic des Regions, 
Fascicule L Le Crane, Fascicule II. La 
Face. 

By Philippe Bellocq Masson et Cie 

Z5 francs (2. volumes) Paris 

8t X ii; z6o (paper) 

These volumes are based on the author’s 
lectures in anatomy at Strasbourg, col- 
lected by Dr. Alfred Weiss, and edited and 
put in order for publication by Professor 
Bellocq. The first volume deals in detail 
with the anatomy of the skull and the 
meninges. It is illustrated with 36 
figures, nearly all original and in the form 
of semi-diagrammatic line cuts . The second 
Tolume treats in the same way the 
anatomy of the face, with 46 illustrations. 


The volumes constitute a sound contribu- 
tion to purely descriptive human anatomy. 


PHYSIOLOGY 


PRINCIPLES OF HUMAN PHYSI- 
OLOGY. 

By Ernest H. Starling. Lea and Fehiger 
$8.50 X 9I; xiii d- 1074 Philadelphia 
There are extremely few men living to- 
day who could by any possibility give an 
adequate picture of the existing status 
of any large branch of science. Professor 
Starling modestly denies his ability to 
do this for physiology and graciously 
acknowledges aid from a number of his 
colleagues in the preparation of this fourth 
edition of his masterly textbook. But 
after making all due allowance for this 
help the reader cannot but stand aghast 
at Professor Starling’s extraordinary 
genius for critically envisaging an enor- 
mous field of human knowledge. In 
conformity with a tendency manifest in a 
number of recent general physiological 
works, the amount of space devoted to 
biochemical matters has been reduced in 
this edition, which recognizes the develop- 
ment of a considerable degree of autonomy 
of this branch. The book will long con- 
tinue to rank as one of the great standard 
reference works. 


TROUBLES DES ECHANGES NUTRI- 
TIFS. Physiologic, Pathologic, Thirapeu- 
tique. Lome I et II. 

By Ch. Achard, Masson et Cie 

no francs (z volumes) Paris 

6| X 10; vi + izzo (paper) 

One cannot but admire the courage of a 
man who, in this da^ of rapid advance in 
biochemical knowledge, attempts un- 
aided to write a izzo page textbook on the 
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iiseases of metabolism. The project was 
begun in 1911, was interrupted by the war, 
and has only now been brought to com- 
pletion. Unfortunately, as Achard fore- 
saw, no one man can cover such a large 
field, and even if he could, it would be 
impossible to get such a big book through 
the press in time to have it up to date. 
Furthermore, anyone, and perhaps particu- 
larly a Frenchman, is inclined to make 
such a work provincial by basing his 
views almost entirely upon the contribu- 
tions of his own countrymen. Achard’s 
book will serve as a mine of information 
for anyone who wants an enfree into the 
French literature on metabolism, but it 
will hardly satisfy an American who will 
find in it so little mention of what is 
commonplace on this side of the water. 
Even such a well known procedure as the 
phcnolsulphonephthalein kidney function 
test is mentioned only in a short footnote; 
the blood and bile pigments are discussed 
without reference to the work of Whipple 
and his students, and Ambard’s quotient 
is treated at length without reference to 
the extensive and careful work of Addis. 
There is a good index. 


HANDBUCH DER PHYSIOLOGIE 
DER NIEDEREN SINNE. (I. Band: Die 
Fhysiologk des Gemchs^ und Geschmacks- 
sinnesT) 

By Emil von Skramlik. ' Georg Thieme 

31.50 marks Leif^ig 

6f X loj; viii -f 531 (paper) 

There has long been needed a compre- 
hensive and critical review of the present 
state of knowledge of the physiology of 
the so-called lower senses (in contrast to 
sight and hearing). Zwaardemaker’s 
valuable book on smell dates as far back 
as 1895. Doctor Skramlik, who is as- 
sociate professor of physiology at Frei- 


burg, proposes to fill this gap in the lit- 
erature with the present treatise. This 
first volume deals with the senses of 
smell and taste. Two succeeding volumes 
will cover the senses of pressure (touch), 
heat, cold and pain. The volume before 
us is well done, carrying a sufficient 
amount of detail in the treatment, and 
yet achieving some degree of synthetic 
unity. Detailed references are given to 
the extensive literature. The book is 
well illustrated and thoroughly indexed. 


HUMAN PHYSIOLOGY. 

By John Thornton. Com-pletely revised by 
William A, M. Smart. 

Longmans y Green and Co. 
$ 3-75 5I X 8f ; vii + 463 Hew York 

This third edition of a well-known quiz 
compend of human physiology has been 
thoroughly revised and in considerable 
part rewritten. By reason of its moderate 
size and the clear-cut manner of presenta- 
tion it is not a bad resource for the general 
reader who wishes to get, without too 
much trouble, a reasonably comprehen- 
sive review of the present state of knowl- 
edge regarding human physiology. At 
the end there is a list of examination ques- 
tions, partly original and partly selected 
from papers set in London examinations, 
followed by a glossary of technical terms 
and a detailed index. The book is 
extensively illustrated, mainly with bor- 
rowed cuts. 

PHYSIOLOGICAL PAPERS. Dedicated 
to Professor August Krogh. 

Wm. Heinemann QMedkal Books') Ltd. 
30 shillings London 

7I X io|; xvi A 375 (paper) 

This Festschrift to the distinguished 
Danish physiologist contains twenty- 
two papers by Professor Krogh's former 
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students and associates, dealing with a 
wide range of physiological problems. 
The occasion which called forth the 
volume is a dual one; Professor Krogh’s 
fiftieth birthday, and the removal from 
the old laboratory in Ny Vestergade to 
the new building erected for Professor 
Krogh’s work through the munificence 
of the Rockefeller Foundation. The vol- 
ume is beautifully printed and illustrated, 
with a fine portrait of Professor Kxogh 
as frontispiece. 

FOIE, PANCREAS, RATE. 

By Dr. Mathieu de Fossey. G. Doin et Cu 
10 francs 4! x 6|; 164 (paper) Baris 
A quiz compend on the diseases of the 
liver, pancreas, and spleen, with especial 
reference to methods of treatment and 
therapeutics. 


BIOCHEMISTRY 


DAS KOLLOIDE GOLD. QLolloid- 
jorschun^ in Ein%eldarstellungen. Herausge- 
geben mn R. Zsigmondy. Band j.) 

By R. Zsigmondy and B. A. Thiessen. 

Akademische Verlagsgesellschajt M. B. H. 
Marks 7 6 x 8|; x + 2.2.9 (paper) Leipzig 
DAS KOLLOIDE GOLD IN BIOLOGIE 
UND MEDIZIN. Die Goldsolreaktion im 
Liquor Cerebrospinalis . (KoUoidforschung in 
Bin%eldarstellungen. Herausgegeben von R. 
Zsigmondy. Band a.) 

By Ernst JoU. 

Akademische Verlagsgesellschaft M. B. H. 
6 marks 6 x 8|; 115 (paper) Leipzig 
These first two volumes in a new series 
under the general editorship of Professor 
Zsigmondy, are primarily of technical 
interest to the student of colloid chemis- 
try, and to physiologists and clinicians 
interested in the application of the 


’coMoidal gold technique to diagnostic and 
similar biochemical reactions. 

LEITFADEN DER KOLLOIDCHEMIE 
FUR BIOLOGEN UND MEDIZINER. 
Eine Einjuhrung in die Allgemeine Bhysio^ 
logic, Bathologie, Bharmakologie . ' 

By Dr. Hans Handovsky, Theodor Steinkopjf 
iz marks Dresden 

X xvi + 165 (paper) 

The second edition of an introductory 
text-book of colloid chemistry, written 
especially from the point of view of the 
interests of biologists and medical men. 
It opens with a discussion of the general 
characteristics of disperse systems and the 
origin of such systems, followed by an 
account of the mechanical and electrical 
properties of disperse systems in general, 
and particularly colloid disperse systems. 
The last two sections of the book deal 
with the reactions of colloid systems and 
the structure and properties of gels. In 
an appendix there is discussed in an inter- 
esting general way the application of 
colloid chemistry to biological problems. 

PROTEINS. Lectures given in the United 
States of America in 1^24. 

By S. B. L. S0rensen. 

The Fleischmann Laboratories 
X 9I; XX + 14Z New York 
This volume published by The Fleisch- 
mann Laboratories as a souvenir of the 
recent visit of Professor Sorensen to this 
country is useful, because it presents in 
convenient form the author’s latest re- 
sults and views regarding the chemistry 
of proteins. Besides the purely technical 
articles on proteins, there is an interesting 
chapter on the chemistry of bread making, 
with especial reference to the influence of 
hydrogen ion concentration. Unfortu- 
nately the book is not indexed. 
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BIOMETRY 


ZUWACH5RUCKGANG UND WUCHS- 
STOCKUNGEN DER FICHTE IN DEN 
MITTLEREN UND UNTEREN HOHEN- 
LAGEN DER SACHSISCHEN STAATS- 
FORSTEN. 

Bj Eilhard Wiedemann. Walter Laux 

X 9I; 190 (paper) Tharandt, Germany 
This is a detailed biometric and general 
ecological investigation to determine the 
causes which are leading to the general 
damping off of the growth curve of the 
trees in the pine forests of Saxon7. The 
broad conclusion is that the supposed laws 
of forest production do not have general 
validity, but the local situation must be 
taken into account in all cases because 
some peculiarity in it may markedly alter 
the growth curves. There is a bibliog- 
raphy of 169 titles. The study will be 
found of interest by ecologists as well as 
professional foresters. 

PSYCHOLOGY AND BEHAVIOR 


OUTLINE OF ABNORMAL PSY- 
CHOLOGY. 

By William McDougall. 

Charles Scribner s Sons 
$4.00 6 X 8|; xvi H- 571 New York 

The author states that this volume is 
really to be considered as the second part 
of his well-known "‘Outline of Psy- 
chology.” The two books taken to- 
gether thus form a comprehensive treatise 
on the science of the mind in both its 
normal and pathological aspects. Profes- 
sor McDougall’s competence to deal with 
abnormal psychology is unusual, for he 
has had not only the purely scientific 


training and experience of the academic 
psychologist but also a medical training 
and extensive experience with clinical 
aspects of mental disorders. The result 
is a sounder and saner account than is to 
be found in much of the psychiatric writ- 
ing of the present day. The general 
biologist, and particularly the student of 
animal behavior, will find the book 
especially useful in giving him a critical 
review of a field of study which is at 
once somewhat remote and recondite, but 
at the same time important to his own 
work. 

TIERPSYCHOLOGIE. Vom Standpmkte 
des Biologen. 

By Dr. Friedrich Hempelmann. 

Akademische Verlagsgesellschaft M. B. H. 
M. 32. Leipzig 

X 9J; viii -f- 676 (paper) 

This is a thorough, critical and syn- 
thetic review of the literature of animal 
behavior. Somewhat more than half of 
the book — ^the special part — deals with 
the material on a taxonomic base, starting 
with protozoa and ending with verte- 
brates. The remainder of the book — ^the 
general part — discusses such general points 
as sensation, the brain as the organ of 
mind, the history and methodology of 
animal psychology, etc. There is an 
extensive bibliography covering. pages 
set in small type. The book is somewhat 
too sparsely illustrated, but contains 
excellent detailed indices. Altogether it 
is a treatise which every student of any 
aspect of animal behavior must have in his 
library. 

LE DRESSAGE DU CHIEN DE CIRQUE. 
By J. Dhers. *%es Editions de TSleveur' 
II francs 4I x 7I; 85 (paper) Paris 
This little treatise on the training of 
dogs for the circus and vaudeville stage. 
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by an “artist of the circus,” will be found ' 
not only entertaining but of real and 
significant interest by the student of ani- 
mal behavior and comparative psychology. 
It is a thoroughly practical treatise, writ- 
ten with characteristic French objectivity 
and precision. Everyone will be glad 
to know that the author’s system of 
training grounds itself upon kindness, 
patience and understanding of the psy- 
chology of the dog, rather than upon fear, 
punishment, and cruelty. We commend 
the book highly to biologists, as well as 
to the trouper. 

DE OMNIBUS REBUS 
ET QUIBUSDEM ALUS 

NATURE’S ALCHEMY. Special Bulletin 
of the Turck Foundation for Biological Re- 
search, etc. 

The Turck Foundation for Biological Research 
8| X ii; 6z New York 

This entertaining volume tells all about 
Dr. Fenton B. Turck, The Turck Founda- 
tion for Biological Research, cytost, 
and anti-cytost. It was prepared under 
the supervising editorship of Mr. Hamlin 
Garland, 507 Cathedral Parkway, New 
York City, from whom biologists can 
probably obtain free copies. The follow- 
ing quotations will perhaps indicate the 
desirability of so doing: 

“That cells cannot automatically per- 
form the functions of growth, that they 
must be stimulated to action, is established. 
That each cell holds within itself a ‘self- 
starter’ is also agreed upon. This sub- 
stance has been variously named ‘cell-sap,’ 
‘tissue extract,’ and the like. LaMarck 
(sic') called it ‘that subtle fluid,’ but 
Turck named it ‘cytost’ from the Greek 
word cytos, meaning cell. 

“For more than thirty years Turck 
has been experimenting with this ‘activat- 
ing principle,’ one of the most powerful 


aad mysterious elements in nature, and it 
is upon the character and action of ‘cytost’ 
that his activities are still concentrated. 

. From a long series of 
experiments in his laboratory he demon- 
strated that many disorders in animal 
tissue were due to abnormal cell break- 
down and the liberation of excessive quan- 
tities of cytost into the cell media. Just 
as excess of cytost in the soil is the cause 
of disease in plant tissue, so excess of 
animal cytost in the fluids surrounding the 
cell produces disease and death in animals. 

‘ ‘He demonstrated as many others from 
LaMarck (sic) to Conklin had done, that 
the cell contained its own activating 
element, but he went further. ‘No mat- 
ter what the agent which liberates this 
element may be,’ he says, ‘we have shown 
that in certain measured concentrations 
cytost stimulates the growth of tissue, 
in larger amounts it destroys tissue.’ 

“Absolutely necessary to the cell in 
dilute proportions, it is in excess injurious 
to the cell. Like electricity, it is stimu- 
lating when acting as a light charge, but 
acts as a disrupting force in case of high 
power. 

“Turck demonstrated other and still 
more marvellous properties in this ele- 
ment. He found by actual experiment 
that it was specific to the species, that is to 
say, cytost obtained from the tissues of a 
cat’s heart was different in quality and 
action from cytost extracted from the 
tissues of a dog’s heart. In the one case 
the cytost carries a charge of ‘cat’ and in 
the other a charge of ‘dog.’ .... 

“From a study of the varying degrees of 
resistance to the action of cytost on the 
part of different animals, it was but a 
short step to the production of immunity. 
Reasoning that there must be a counter- 
balancing element in the blood of the 
immunized animal, Turck carried out 
experiments which not only raised the 
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mimal’s resistance to disease to a veuy 
bigh degree but led to the isolation of the 
opposing element. 

“Injecting cytost made from human 
tissue into a horse at intervals over several 
months’ time, he demonstrated that the 
animal had built up in its blood a sub- 
stance which strongly tended to offset the 
toxin action of the cytost, for when a 
portion of the animal’s blood was drawn, 
dried and burnt to an ash there remained 
in the mineral salts of this ash, an element 
which proved to be the negative charge as 
cytost was the positive charge of the life 
force. 

‘ ‘This counter-balancing substance 
which he thus isolated and used in creat- 
ing a higher degree of resistance to disease 
in the human organism he very naturally 
named Anti-cytost. 

“Having in his possession and under his 
control both of these subtle elements, 
he was able to produce in this laboratory 
by their use in action and re-action, both 
active and passive immunity in animals. 
After hundreds of experiments with these 
opposing substances he came to the 
momentous conclusion that health is a 
dynamic or continuing equilibrium betiveen 
them and that the cell is the meeting point 
of two all-pervasive life forces, a minute 
stage on which these positive and negative 
powers strive for the mastery. 

“The man of science cannot use the 
word marvellous’ but we as laymen 
permit ourselves to wonder at the patience 
and skill with which Turck has brought 
his conception to a concrete demon- 
stration. 

“In many of his experiments, Turck 
has found the germ a ‘secondary invader.’ 
Germs of one kind or another are always 
present in the organism but appear to 
have no potency until a break in the tissue 
occurs. 

“In the Medical Record, May, 1919, 


'Turck makes report of various experi- 
ments in which he sprayed into the nos- 
trils and throats of cats, varying quanti- 
ties of pneumonia organisms, causing no 
pneumonia, but when he mixed cytost 
with these germs, pneumonia at once 
developed. He produced pneumonia at 
will by the use of lung-tissue autolyzed 
under sterile conditions. By spraying, 
by injection and by covering the paws of 
animals with a paste of lung-tissue he 
obtained typical pneumonitis. 

“Another and equally significant experi- 
ment involved the gathering and burning 
of the dust of the room in which cytost 
had been produced and in which various 
demonstrations had taken place. Upon 
reducing this dust to an ash, and adding a 
portion of sterile water, Turck obtained 
sufficient cytost to kill a cat. 

“This experiment with the dust of the 
room burned to an ash, suggests that the 
over-crowding which leads to disease in 
tenements, is not solely a question of germ 
infection, but also of the presence of cast- 
off cell debris. 

“There are still wider reaches to Turck’s 
experimentation. Extending his interest 
to the parent cell, he proceeded to demon- 
strate that the size, weight, vitality and 
fecundity of animals could be affected by 
the graduated use of cytost. 

“Taking flocks of fowls, litters of kit- 
tens and rabbits, he separated them into 
groups, some to be held as normal ‘con- 
trols’ while the others were being treated 
by injection of cytost. The treated ani- 
mals outgrew their fellows, were more 
active, lived longer, and were more fecund. 

“Furthermore, he found that he could 
not only build a larger and finer animal 
organism by the use of cytost, but that the 
increased hardihood, the larger size, the 
finer fur, and other individual excellencies 
of the parents were transmitted to the 
offspring. He was able not only to 
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stimnlate the growth of guinea pigs and 
cats, but to lengthen the life of succeeding 
generations. Laboratory animals of the 
third and fourth generation continue to 
show the benefits transmitted to them. 

“The results of these experiments have 
been tabulated and published in various 
medical and surgical journals. His proto- 
cols show that the laying power of hens 
has been increased by the use of this 
natural cell stimulant, and that the fur 
of cats and guinea pigs was made richer 
and glossier, all evidences of increased 
vitality.” 

In spite of the prohibition quoted above 
we think that every man of science will 
yield to the overwhelming temptation and 
say MARVELLOUS! 


HAVELOCK ELLIS. A Biographical and 
Critical Survey. 

By Isaac Goldberg Simon and Schuster 

$4.00 5I X 8j; xiv + 359 New York 
The author has not succeeded so well 
in the application of his somewhat novel 
biographical technique to Havelock Ellis 
as he did in his first essay in that direction, 
with H. L. Mencken as the subject. After 
finishing the volume the reader is still 
not satisfied that he knows very much 


about the real Havelock Ellis. There is a 
great deal in the book about Mrs. Ellis 
and her writings . The emphasis through- 
out is on the literary side of Ellis’ charac- 
ter and work. What makes the volume 
particularly disappointing to the biologist 
is the inadequacy of the discussion of his 
scientific work. However, it must be 
said that the book taken as a whole gives 
a more informing picture of a great con- 
temporary than anything else now avail- 
able. It is less extensively and less sig- 
nificantly illustrated than was the 
Mencken volume. 


ENSEIGNEMENTS NATURISTES 
By Dr. Paul Carton Norhert Maloine 

15 francs 4f x 7I; 384 (paper) Paris 
A fine piece of quackery proving con- 
clusively that, even with Abrams to our 
credit, we have no monopoly of the 
breed in this country. A “naturist” is 
a person who is against good food, good 
drink, good tobacco, and most of the other 
achievements of pleasant living. Raw 
vegetable foods are the key to health, 
wealth, and happiness. Those who find 
enjoyment in the contemplation of the 
manifestations of the outlying aberra- 
tions of the human intellect will be enter- 
tained by this volume. 
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THE COST OF BIOLOGICAL BOOKS IN 1926 

By RAYMOND PEARL 


During the first year of the existence of 
The Quarterly Review or Biology there 
have been noticed in the department 
devoted to New Biological Books somewhere 
in the neighborhood of 300 separate 
books. I have been interested to note 
the considerable variation in their prices, 
as they have come in to the editorial office. 
This has led me to prepare a brief summary 
of the situation as it has developed during 
the year 19x6. It is proposed to make 
such a res^ime of the book price situation 
an annual feature. 

I have first of all classified the books 
which have been reviewed in our pages 
according to the country of publication, 
under the following rubrics : 

1 . The United States. Here are put ail 
books published by strictly, or primarily, 
American publishers. Naturally the 
majority of the books reviewed during the 
year have had this origin. 

IL Germany. In the number of books 
sent in by publishers for review Germany 
stands next to this country. There has 
grown during the year a strong feeling in 
the editorial office that German publishers 
of scientific books, as a class, are distinctly 
more wide-awake and enterprising in their 
attempts to secure a world-wide distribu- 
tion of their product than are the corre- 
sponding groups in other European coun- 
tries. 

III. English- American. In this group are 
placed the books which are manufactured 
and published in the first instance in Eng- 
land by publishing houses which have 
branches under their own name (not merely 
agents) in this country. The American 
branch imports the books into this 
country and distributes them here, priced 
in dollars rather than shillings. 


IV. England. In this class are placed 
books published in England, priced in 
shillings, and available in this country 
only by direct importation, by the individ- 
ual or through an agent. 

V. France. This group includes all 
books published in France and her colo- 
nies. 

VI. Other Countries. Here are placed all 
books published in any other country 
than those specified above. 

VII. United States Government. In any 
discussion of book prices it would be 
manifestly unfair to include government 
publications with the product of American 
commercial publishers. 

In the table which follows there are 
given, for each of the sources of origin 
listed above, the following items : 

a. Total number of pages in the books 
which have been reviewed in Volume I 
of The Quarterly Review of Biology, 
excluding those books which either had no 
price, because they were intended for free 
distribution, or because we were unable to 
find out, after diligent inquiry, what the 
price was. Anyone who has had no 
experience of the matter would be amazed 
at the number of books which arc distrib- 
uted by their publishers without any 
indication whatever, on either book or 
wrapper, as to what it is proposed to 
charge for them. Not infrequently it 
takes two or more letters to extract 
this information from a reluctant pub- 
lisher. Just why they are so set on keep- 
ing the matter secret is impossible to say. 

b. The total cost, in dollars, of those 
books having their total pages given in 
the first column. In computing these 
values for books originally priced in a 
foreign currency I have used the exchange 
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rates prevailing at the time the book was 
received. These prices then represent 
fairly what an American biologist would 
have had to pay if he had bought these 
books at the time they came to us. 

c. By the simple process of dividing the 
figures in the second, or h column, by 
those in the first, or a column, we arrive 
at those in the last column, which there- 
fore give the average pice per page of the 
aggregate of books received from the 
several sources. By judicious attention 
to the location of the decimal points 
these prices in the last column of the table 
are exhibited as so many cents per page. 


Prices of Biological Books, igzC 



TOTAL 

PAGES 

TOTAL 

COST 

PRICE 

PER 

PAGE 

English-American . 

00 

$111. 65 


Other countries. .. 

^,793 

17.13 

1. 51 

England 

5,413 

1 69.48 

1.18 

United States 

43 >049 

480.87 

1. 11 

Germany 

16,431 

179.13 

1.09 

France 


18.41 

0.35 

U. S. Government 

1,619 

8.15 

0.31 


On the basis of cents per page it appears 
from the table that the books emanating 
from the American branches of English 
publishing houses have been the most 
expensive during the past year, so far at 
least as may be judged from these samples. 
The next most expensive, as a class, are 
those published in the “Other Countries" 
not separately specified. Then follow 
the English books, and then those pub- 
lished in the United States. At about the 
same level, but actually 0.03 of a cent 
lower per page, come the German books. 
The only cheaper class of commercially 
published books are the French, which 
have had the lowest price of all such, 
costing only slightly more per page than 
the United States Government publica- 
tions. 
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In interpreting these results certain 
outstanding factors need to be kept in 
mind. In the first place the English- 
American have had to pay duty to enter the 
United States, and the prices here quoted 
for these books include the duty. There is 
presented here to the American biologist 
a concrete illustration of the meaning 
to him of protecting infant industries. 
There are those who have contended, 
and spent much of their personal time 
and energy in a vain endeavor to convince 
our legislators, that the taxation of 
intellectual progress was neither good 
business nor exactly sporting. But some 
of the American publishers and about all 
the printers think otherwise, and they 
speak a language more easily understood 
by our lawgivers. 

In the case of books listed under the 
heads ‘"England" and “Other countries" 
(so far as the latter are in the English lan- 
guage) the prices do not include duty. 
But the American biologist would have 
to pay duty, and therefore the price to 
him would be even higher than the table 
shows. 

There is a widely prevailing impression 
that the German publishers are greatly 
over-pricing their products at the present 
time. This does not seem to be the case, 
so far as the present sample of new bio- 
logical books is concerned. Making due 
allowance for the fact that the majority 
of the German prices included in the table 
are for books in paper covers, it turns out 
that the biological books received from 
Germany during 1316 cost almost exactly 
the same per page as those turned out by 
American publishers. And any American 
publisher can prove that he is selling his 
books at just as low a price as he can afford 
to and escape bankruptcy proceedings. 
Perhaps German books ought to sell 
lower than those published here, because 
of generally lower labor costs in Germany, 
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but there are other complicating economic 
factors which enter the case. 

Of all places in the world during 1916 
France has been the spot of choice to buy 
books. French publishers have signally 
failed to adjust their prices correctly to 
the degree of emaciation of the franc. 
What will happen in the future a mere 
biologist cannot predict. But there is a 
possibility, at least, that presently the 
French publishers will over-compensate 


in this matter, as the Germans are alleged 
to have done when their currency became 
stabilized, and put their prices as much too 
high as they have been too low in 1916. 

Finally there must be a word of appre- 
ciation of the boon which the Govern- 
ment Printing Office is to American 
scientific men. It regularly publishes 
memoirs of the first importance and distrib- 
utes them at a price which makes them 
available to even a beginning instructor. 
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